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Genetically modified taon human mammals and cells 

5 09 
This invention relates to genetically modified non-human mammals, in particular to C/) 
genetically modified rodents such as mice, which do not encode any endogenous 
immunoglobulin heavy chain constant region locus polypeptide. The invention also 
relates to genetically modified non-human cells, particularly embryonic stem cells, 

10 especially rodent cells such as mouse cells, which do not encode any endogenous 
immunoglobulin heavy chain constant region locus polypeptide. The invention also 

■ gelgies-^e-genstically- modifk4-non4iuman^^— particularly embryonic stem-cells 



and genetically modified non-human mammals produced therefrom, and their use in 
the production of non-human mammals and cells from which all the endogenous 
15 immunoglobulin heavy chain constant region genes (from Qi to Ca) have been 
deleted from the genome. 

This invention further relates to genetically modified non-human mammals, in 
particular to genetically modified rodents such as mice, in which the deletion of the 

20 endogenous immunoglobulin heavy chain constant region genes has been used to 
allow insertion of other genes, such as exogenous immunoglobulin genes or their 

-segment^ ta secure and. allow, immunoglobulin heavy_chain Jocus specific gene _ 

expression. Additionally* the invention relates to the expression of such genes 
produced by such mammals, and the use of such mammals or cells thereof in the 

25 production of modified immune systems with particular emphasis on production of 
immunoglobulins or antibodies. 

Furthermore the invention relates to non-human mammals without any endogenous 
constant region genes bred with compatible non-human mammals capable of 
30 expressing exogenous immunoglobulin genes either as introduced rearranged 
entities or entities in germ line configuration and on large chromosome fragments 
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such as BACs, YACs and HACs (bacterial, yeast and human artificial 
chromosomes). The transgenes and transloci can be of human DNA. 

Background to the Invention 

The basic structure of an antibody (immunoglobulin) is a four polypeptide unit, 
made up of two heavy and two light chains held together by interchain disulphide 
bonds. Each chain is made up of a variable and a constant region; Vt and Cl are 
the generic terms for these regions on the light chain, V H and Ch specify the 0 
10 variable and constant regions of the heavy chain. In a conventional antibody, each 0 



30 



pair of heavy chains is identical as are each pair of light chains. 



The light chain constant regions exist in isotypic forms known as kappa (k) and 
lambda (k) f these light chains can potentially associate with all heavy chain 

2 



< 



Immunoglobulins (Igs) are grouped into classes or isotypes (referring to the Jjj 
constant region) on the basis of the structure of their heavy chain constant region 0 

15 (Ch). In human and mouse there are five classes: IgG, IgA, IgM, IgD and IgE. The n 
additional subclasses in human are IgGl, IgG2, IgG3, IgG4, IgAl and IgA2 and in £ 
mouse IgGl , IgG3, IgG2a and IgG2b. The isotype is defined by the distinct C genes 1 
Qi, 8, y, e, a) which are characteristic for a particular mammalian species and are 
present in all members of that species. However, there can be differences, usually 

20 point mutations or small changes, in immunoglobulin genes within members of a 
species (eg. BALB/c mice versus C57/B16 mice). These differences define 
allotypic determinants. Allotypic determinants are found on the immunoglobulins 
(Igs) of some, but not all, members of a particular species (e.g. mus musculus). 
Allotypic determinants reflect genetic polymorphism of the heavy chain constant 

25 region of Igs within one species and have been used as genetic markers. Antibodies 

that allow recognition of isotypic determinants have been raised by injecting 
immunoglobulins from one species into another species (e.g. human IgM into a 
mouse) or between species members which allow to produce anti-allotypic 
antibodies (BALB/c IgM* into C57/B16 which make IgM*), 
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isotypes. The light chains in a given antibody are identical, so immunoglobulins 
have either k or X light chains, but not mixed light chains, unless the antibody has 
been artificially engineered. 

5 Idiotypic determinants exist as a result of unique structures generated by the 

hypervariable subregions (or complementariiy^eteimining regions, CDRs) in the CD 

light (L) and heavy (H) chain variable regions and have been identified by sequence CO 

variability. ^ 

10 Techniques have been developed for production of monoclonal antibodies using ^ 
cells derived from small laboratory animals, such as mice (Kflhler, G. & Milstein, W 

C 'rnntinuous cultures of fused cellfl sec reting antibody of predefined specificity. 1 fTl 

Nature 256, 495-497 (1975).) which first described production of monoclonal ^ 
antibodies by fusing an individual antibody forming cell with a B-cell tumour cell "O 

15 to produce a constantly dividing clone of cells (hybridoma cell line) dedicated to 

making one particular antibody (monoclonal antibody). 

A monoclonal antibody (mAb) has the ability to recognise a defined structure or 
sequence or bind to a specific epitope. Thus a monoclonal antibody can be used 
20 uniquely to identify molecules carrying the specific epitope or may be directed, 
alone or in conjunction with another moiety, to a specific site for diagnosis or 
therapy. 

The use of monoclonal antibodies as therapeutic agents has been restricted by the 
25 development of an anti-iinmuiK) globulin response in the treated subject Because 

the sequence of the constant region is specific for the species from which the 
antibody is produced, the introduction of a foreign (xenogeneic or exogenous) 
antibody into the vascular system of the host can produce an immune response. 
When the xenogeneic antibody is introduced repeatedly, for example in the 
30 treatment of chronic diseases, it becomes impractical to administer the antibody, 
since an immune response is provoked and will result in eliminating the target 
efficiency of the administered antibody by generating extreme side effects such as 
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anaphylactic shock* For this reason various efforts have been made to "humanise" 
rodent antibodies already successfully used for therapeutic intervention and, more 
recently, to establish transgenic mice producing fully human antibodies 
(Brflggemann, M and Taussig, MJ. (1997) Production of human antibody 
5 repertoires in transgenic mice. Curr. Opin. BiotechnoL, JL 455-458). 

W 

The production of transgenic animals has been revolutionized by techniques that rn 
allow culture of murine embryonic stem cells and the introduction of genetic *^ 
modifications into these cells that can be transmitted to the mouse germline. <; 

10 Endogenous genes can be modified and foreign (exogenous) genes, such as human ~ 

genes, can be introduced into a host to provide animal strains capable of producing ^ 

novel produ cts such as xenogeneic (foreig n) b inding proteins, in particular ^ 



immunoglobulins. Q 

o 

T3 

15 As an alternative to the use of artificial libraries, it is possible to create transgenic 
animals carrying human immunoglobulin loci, in germline configuration, in a 
genetic background in which the endogenous Ig loci are defective. Silencing of 
immunoglobulin genes has been carried out by gene insertion and gene removal 
utilising the introduction of gene targeting constructs into embryonic stem cells 

20 (Bot, A., Immunoglobulin deficient mice generated by gene targeting as models for 
studying the immune response. Int. Rev. Immunol., 13 7 327-40,1996; Loffert et al, 
Early B-cell development in the mouse: insights from mutations introduced by gene 
targeting. Imm. Rev. 137, 135-53, 1994). In these animals it has been shown that 
introduced loci can replace the function of silenced genes; they are expressed and, 

25 for immunoglobulin genes, are rearranged with efficiency similar to that of the 

silenced genes. 

B lymphocyte ontogeny is initiated by DNA rearrangement and surface IgH 
expression. At the early differentiation stage the \i H-chain is associated as a 
30 preBCR (B-cell receptor) with the surrogate L -chain, consisting of VpreB and X5, 
which is replaced by the conventional L-chain to form a BCR at the immature B- 
cell stage. This is followed by expression of IgM and IgD on the cell surface of a 

4 
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mature B-cell with further development in the periphery to an antibody secreting 
plasma cell which has switched from Cfi to another C-gene, Y> s or a, whilst 
maintaining its original rearranged V(variable) region. 

5 Brtlggemann el cd (PNAS 1989; S6: 6709 - 6723) describe production of mice 
carrying a human heavy chain minilocus with unrearranged Ig variable (V), 
diversity (D) and joining (J) elements linked to a human heavy chain constant \l 
gene, which encodes the IgM immunoglobulin isotype. The foreign (human) 
immunoglobulin genes axe inserted into the germline of the transgenic mice, with 

10 the result that the foreign insert is present in addition to the endogenous Ig genes. 

In these mice the foreign genes can rearrange to encode a repertoire of 
immunoglobulins of the IgM isotype. 

The work by Brtlggemann et al (ibid) is also described in US Patent No. 5,545,807 
15 which relates to a method of producing an immunoglobulin obtained from cells or 
body fluid of a transgenic animal which has had inserted into its germline genetic 
material that encodes for at least part of an immunoglobulin of foreign origin or that 
can rearrange to encode a repertoire of immunoglobulins. Therein, it is suggested 
that "it may be convenient to use a host animal that initially does not carry genetic 
20 material encoding immunoglobulin constant regions so that the resulting transgenic 
animal will use only the inserted foreign genetic material when producing the 
immunoglobulins. This can be achieved either by using a naturally occurring 
mutant lacking the relevant genetic material or, by artificially making mutants e.g. 
in cell lines ultimately to create a host from which the relevant genetic material has 
25 been removed." However, no suggestion is made as to how to provide such an IgC- 
deficient host animal and the teaching focuses only on insertion of human genetic 
material; no example is given in which the endogenous Ig heavy chain constant 
region is deleted. 

30 Targeted alterations have focussed on individual C-region genes but the removal of 
Qj, C5 or Cs has not significantly altered progression in B-cell development [1-3]. 
It seems that silencing of individual C-genes or replacement [4,5] has little effect on 

5 
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developmental progression due to their functional redundancy. Similarly, even 
though removal of the E/i enhancer region reduced DNA rearrangement [6,7] and 
replacement of the a3* enhancer affected switching [8] these are only small 
perturbations almost negligible in immune development* 

5 

Preventing the use of H-chain C-region genes with a subsequent block in B-cell 

development has been achieved by two opposite approaches. Removal of the ^ 

J(joining)H segments eliminated D(diversity>J rearrangement [9,10] and the mice £J] 

are devoid of Ig* B-cells but continue to develop B220 + B-cell precursors present at — ' 

10 somewhat reduced levels < 

> 

. C 

EP 0 463 151 discloses mice in which a 2.3 kb fragment ot the endogenous mbuBe qj 

heavy chain locus, carrying the D and Jl-4 genes, is removed and replaced (by 

homologous recombination) with a neomycin resistance gene. The endogenous O 

15 mouse IgH C genes are present in the mouse, but because the D and J genes are 

absent, rearrangement of the locus cannot take place and expression of the 

endogenous IgH C genes is blocked, preventing production of a functional message 

encoding an IgH C subunit 

20 Kitamura et al [11] (Nature 1991; 350: 423 - 426) describe production of mice with 
a disrupted C\i region (nMT mice). This was achieved by gene targeting, in which 
a 9 kb genomic fragment of C£t and C5 carrying a stop dodon *nd flanked by a 5* 
neomycin resistance gene and a 3'HSV tk gene, was inserted into the membrane 
exons of Qi using embryonic stem cells. The ES cells were used to generate 

25 chimaeric animals, which were bred to obtain mice heterozygous and then 
homozygous for the disrupted C\i region. Mice homozygous for the disrupted C\i 
transmembrane exon were Ig deficient B-cell development is dependent on the 
expression of surface jt at the pre B-cell stage, but because expression of surface \l 
did not occur in mice with die disrupted Cja region QoMT mutation), the 

30 development of B cells was arrested at the stage of pre-B-cell maturation and thus 
no mature or antibody secreting B-cells were produced. 



o 
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Id the lines with JH regions removed or with the disrupted Cfi exon some L-chain 
rearrangement occurs and it also appears that animals with disrupted Cfi 
transmembrane exon bred to homozygosity in different mouse strains can largely 
overcome the block in Ig expression. This was particularly pronounced in the 
5 Balb/c background which revealed IgG, IgA and IgE expression in homozygous 

knock-out animals [12,13] whilst in the original C57BI/6 background only IgA was 
selectively expressed which has been interpreted as remnant of an ancient perhaps 
more primitive immune system [14]. 

10 There is a desire to produce genetically modified non-human mammals, e.g. rodents 
such as mice, in which the endogenous IgH genes have been silenced, or removed, 
in order to produce antibodies of foreign origin, expressed from introduced genes. 

A number of approaches have been used for silencing (i.e. disruption), or removal, 
IS of single endogenous Ig genes, combined with simultaneous introduction of one 

exogenous human gene. 

Pluschke et al (J. Immunol. Methods 1998; 215 (1-2): 27 - 37) used a conventional 
gene targeting strategy (Stief et al. 9 J. Immunol. 1994; 152: 3378) in embryonic 
20 stem cells to replace the mouse IgH constant gamma 2a (Cy2a) gene segment with 

the human IgH constant gamma 1 (Cyl); in addition to this, ES cells were generated 
in which the mouse IgL kappa gene segment was replaced with its human 
counterpart The ES cells were used to generate chimaeric mice. 

25 Zou et al (Science, 1993; 262, 1271 - 1274) describe a Cre-to*P recombination 
system that operates in mammalian cells and has been used for gene targeting 
experiments in the mouse to generate "clean" deletions of target genes in the germ 
line, as well as to inactivate genes in a conditional manner (based on regulated 
expression of Ore recombinase). 

30 

Cre is a 3S kDa recombinase protein from bacteriophage PI which mediates 
intramolecular (excisive or inversional) and intermolecular (integrative) site 
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specific recombination between loxV sites; for a review of the system refer to Sauer 
in Methods of Enzymology; 1993, Vol 225, 890-900. A loxP site (the locus of 
crossing over) consists of two 13 bp inverted repeats separated by an 8 bp 
asymmetric spacer region. One molecule of Cre binds per inverted repeat, or two 
5 Cre molecules line up at one loxP site. The recombination occurs in the asymmetric 

spacer region. Those 8 bases are also responsible for the directionality of the site. 
Two loxP sequences in opposite orientation to each other invert the intervening 03 
piece of DNA, two sites in direct orientation dictate excision of the intervening c/5 
DNA between the sites, leaving one loxP site behind. This precise removal of DNA ■ 
10 can be used to eliminate genes (gene deletion) or to activate genes. The Crfc-loxP 5^ 



system can also be used to introduce genes (gene introduction). A gene flanked by 



> 

. £ 

two loxP sites in a direct orientation is referred to as a "tioxed gene". ~~ XJT 

Zou et al (Current Biology 1994; 4: (12) 1099 - 2003) describe use of the Cr&loxP O 
15 system in mouse embryonic stem cells to replace the mouse gene Cyl, which "O 



encodes the constant region of the heavy chain of IgGl antibodies, with the 
corresponding human gene Cyl. A targeting construct was generated in which a 
loxP site was cloned at the 3'end of the target gene sequence (in this instance the 
mouse Cyl) and, at a position 5* of the target gene, an insertion was made of (from 

20 5' to 3') a mutant gene of interest (in this instance human Cyl), a loxP site, a 
negative selection marker (HSV-tk) and a positive selection marker (neo 1 ). In the 
construct the ZoxP sites were in direct orientation. The T targeting fccmstrucF was 
introduced by transfection into BS cells, transfoimants were selected on G418 by 
neomycin resistance. A Cre construct was introduced into the transformed cells to 

25 achieve transient expression of Cm. Recombination, that is excision of the 

sequence between the two loxP sites (encoding HSV-tk, neo r and the endogenous 
target gene mouse Cyl), occurred only in those cells expressing Cre recombinase. 
Hie human Cyl sequence was situated outside the loxP sites and thus remained 
inserted within the mouse genome. Negative selection using acyclovir or 

30 gancyclovir was used to identify those cells in which the deletion had taken place, 

as only cells that do not express HSV-tk, i.e. those in which the endogenous mouse 

Cyl gene has also been deleted, were able to survive on those media. 

8 
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Thus, Zou et al (1994) used the Cre~loxP system to introduce a human Cyl gene 
and then delete a single endogenous Ig heavy chain constant region gene, Cyl. The 
exons encoding the transmembrane and cytoplasmic portions of the IgH mouse Cyl 
5 were not replaced by human sequences, these were retained to minimise the risk of 
disturbing membrane expression and signalling of the humanised IgOl in the 
mouse. The introduced human Cyl gene was transmitted through the mouse 
germline and the resulting mutant mice were crossed with mice expressing kappa 
light chains with a human, instead of mouse constant region. Mice homozygous for 
10 both insertions produce humanised kappa chain bearing IgGl antibodies. 

Nicholson et al (J Immunol. 1999; 6888 - 6906) produced mice that carry YAC 
based human Ig heavy and both k and X light chain transloci in a background in 
which the endogenous IgH and IgK loci have been inactivated Inactivaiion of the 
15 IgH locus was achieved using the C\i (jiMT mutant) mice described by Kitamura 
(1991) supra, IgK expression was disrupted by insertion of a Neo cassette in the Cn 
gene (Zou et al Eur J Immunol 1995, 25, 2154). 

A technical problem addressed by this invention is the production of a non-human 
20 mammal, that is unable to express any of its endogenous IgH C genes and thus is 
immunodeficient. A particular problem addressed by the present invention is the 
production of a rodent, in particular a mouse, that is unable to express any of its 8 
endogenous IgH C genes. To achieve this, it is necessary to generate a mutant non- 
human mammal, in particular a rodent such as a mouse, in which the endogenous 
25 heavy chain constant region genes are no longer present or not functionally active. 

Accordingly the present invention provides a genetically modified non-human 
mammal or a genetically modified non-human mammalian cell characterised in that 
it does not comprise a nucleic acid sequence which itself encodes any endogenous 
30 immunoglobulin heavy chain constant region locus polypeptide. The invention also 
provides a genetically modified or transgenic mouse wherein the germ cells are free 
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from the endogenous immunoglobulin C gene locus. The invention further 
provides a genetically modified transgenic mouse or the progeny thereof, wherein 
the somatic and germ cells are free from the endogenous immunoglobulin C gene 
locus. 

In an aspect of the invention, the genetically modified non-human mammal or cell 
does not comprise a nucleic acid sequence which itself encodes any 
immunoglobulin heavy chain constant region locus polypeptide. In preferred 
genetically modified non-human mammals and cells of the invention, all 
immunoglobulin heavy chain constant (IgH C) region gene sequences are absent or 
partially absent from the genome. Preferably each of the endogenous IgH C region 
genes is absent; more preferably the entire endogenous C region (from c/i to Ca; is 
absent. 

Herein, endogenous is defined as authentic, native, not foreign and not modified by 
genetic engineering such as gene targeting or gene introduction. 

Genetically modified non-human mammals or cells are obtainable by targeted 
deletion of all or essentially all endogenous IgH C gene sequences. The deletion 
can be of all endogenous IgH C region genes and intervening sequences (complete 
exon/intron removal or clean deletion) or essentially all endogenous IgH C 
sequences by deleftcm of ffi^ of the endogenous IgH C region gene 

sequence such that expression of any of the IgH C genes is prevented. Targeted 
deletion can be performed by a recombination-excision process, for example by 
Crv-loxP recombination. Thus the invention further provides a genetically modified 
or transgenic non-human mammal as described herein or a genetically modified or 
transgenic non-human mammalian cell preferably an embryonic stem cell as 
described herein, obtainable by a site specific recombination method, preferably by 
a Cre-fcuP recombination method. 



In site specific recombination methods for targeted deletion, a region of nucleic 
acid sequence flanked by two site specific recombination sequences is excised; 

10 
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following excision, a single site specific recombination sequence remains within the 
genome. It is preferred that the site specific recombination sequence is a non- 
endogenous site specific recombination (NESSR) site. Several methods can be 
used to produce a non-human mammalian cell in which the target sequence for 

5 deletion, Le. the endogenous IgH C locus, is flanked by NESSR sites. In one such 

method, NESSR sites are sequentially integrated into the genome of a non-human 
mammalian cell, preferably an embryonic stem cell, so that a NESSR site is first 
introduced to a cell and integrated at one end of the target sequence and secondly a 
NESSR site is introduced and integrated at the other *nd.oLthe. target-sequence.- In - 

10 an alternative method, the NESSR sites are introduced simultaneously to the cell for 

integration at each end of the target sequence. Cells with a NESSR site at one or 
other end of the target sequence can be used to produce genetically modified non- 
human mammals with NESSR sequences present within the genome at one or other 
end of the target sequence. A non-human mammal having a single NESSR site at 

15 one end of the IgH C locus target sequence can be bred with non-human mammal 

having a NESSR site at the other end of the IgH C locus target sequence, to produce 
progeny with NESSR sites flanking the target sequence. Cells with NESSR sites 
flanking the IgH C locus target sequence can be used to produce genetically 
modified non-human mammals with NESSR sequences present within the genome 

20 flanking the endogenous IgH C locus. 

The present invention provides a genetically modified non-human mammal or cell 
having at least one non-endogenous site-specific recombination sequence present 
within the genome downstream of, or within the last gene of the IgH C locus and/or 
25 upstream of, or within the first gene of the IgH C locus. In a preferred embodiment 

two NESSR sites, preferably /axP sites, are integrated within the genome 
downstream of, or within the last gene of the IgH C locus and upstream of, or 
within the first gene of the IgH C locus. 

30 An NESSR site may be present upstream at a position adjacent to the first gene of 
the IgH C locus and/or downstream at a position adjacent to the last gene of the IgH 
locus. By "adjacent to**, it is meant that the NESSR site is positioned 5' or 3* of the 

11 
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start of the first gene, or end of the last gene of die IgH C locus. This implies that 
the first or last gene of the IgH C locus is the coding region nearest to the NE3SR. 

The invention provides a genetically modified non-human mammal, or a genetically 
5 modified non-human mammalian cell as described herein having NESSR sites, 
which are preferably hxP sites, flanking the IgH C region genes, or inserted into the 
genes at each end of the IgH C region genes. 

The invention provides a genetically modified non-human mammal, or a genetically 
10 modified non-human mammalian cell in which the endogenous IgH C genes are 

absent as described herein and a non-endogenous site specific recombination 
— (NES SR) -site-is-present wi thi i t- Lhe genom e; preferably thfe non-endogenous site 

specific recombination site is a loxP recombination site. 

IS It is preferred that the endogenous IgH C genes are deleted, but at least part of at 
least one endogenous IgH C enhancer sequence is retained. This has the advantage 
of improving expression of foreign genes when these axe inserted at the locus and 
allows locus specific regulation of site-specifically introduced genes, (e.g. by using 
Cre-ZaxP insertion utilising the remaining loxP site in the deleted IgH C gene 

20 cluster). Retention of at least part of the endogenous J-C-intronic enhancer 
sequence and/or at least part of the a 3' enhancer sequence is particularly preferred. 

In a genetically modified non-human mammal or cell of the invention, one or more 
endogenous Ig H variable region, D and/or J segment nucleic acid sequences may 
25 be present In one embodiment it is particularly preferred that endogenous IgH 

variable region and D segment and J segment nucleic acid sequences are present. 
In an alternative embodiment an exogenous variable region, preferably a 
mammalian variable region, more preferably a human variable region, is present. 

30 A genetically modified non-human mammal or cell of the invention may comprise 
one or more selectable markers) integrated within the genome. 

12 
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A selectable marker may be positioned upstream of, or downstream of, a non- 
endogenous site specific recombination sequence. At least one selectable marker 
may be integrated within the genome upstream of, and/or downstream of, at least 
one non-endogenous site specific recombination sequence. 

5 

In a preferred embodiment, the invention provides a genetically modified non- 
human mammal, or a genetically modified non-human mammalian cell, having a 
selectable marker integrated upstream or downstream of the first and/or last 
endogenous IgH C gene and/or upstream or downstream of a lex? sequence. 

10 

Hie selectable marker is preferably one or more of: a neomycin resistance gene; a 
puromycin resistance gene; a hygromycin gene or a herpes simplex virus thymidine 
kinase gene, 

15 The invention further provides a genetically modified non-human mammal, or a 
genetically modified non-human mammalian cell as described herein characterised 
in that a different selectable marker is integrated at each end of the IgH C region. 

Thus the invention also provides a non-human mammal or non-human mammalian 
20 cell, preferably a rodent cell, more preferably a mouse cell, most preferably a 
mouse embryonic stem cell, free from the endogenous immunoglobulin heavy chain 
locus and comprising one or more gene(s) encoding a selectable marker. 

A genetically modified non-human mammal of the invention can be rodent, murine, 
25 ovine, porcine, equine, canine, feline or the like, but is preferably a rodent, more 

preferably murine, most preferably a mouse. A genetically modified non-human 
mammalian cell of the invention may be an embryonic stem cell or an oocyte; and 
is preferably a rodent, murine, ovine, porcine, equine, canine or feline cell, or the 
like, preferably a rodent cell, more preferably a murine cell, most preferably a 
30 mouse cell. Mice are particularly preferred as their immune repertoire is extensive 
and they are easy to handle and breed. 
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The present invention provides a mouse in which all 8 endogenous heavy chain 
constant region immunoglobulin genes (m 5, 73, yh Y2a, y2b, e and a) are absent, 
or partially absent to the extent that they are nonfunctional, or in which genes 5 , 
Y3> Y1j Y 2 ** Y2b and e are absent and the flanking genes ja and oe are partially 
5 absent to the extent that they are rendered non-functional, or in which genes |ju 5 , 
Y3» YU Y^a, Y^b and e are absent and a is partially absent to the extent that it is 
rendered non-functional, or in which 5, y3, Yl» Y 2 ** Y^b, £ and a are absent and \i 
is partially absent to the extent that it is rendered non-functional. 

10 By partially absent it is meant that the endogenous IgH constant region gene 

sequence has been deleted or disrupted to the extent that no functiona l endogenous 

IgH C gene product is encoded at the IgH C locus, i.e. that no functional 
endogenous IgH C gene product could be expressed from the locus, 

15 The present invention further provides a non-human mammalian embryonic stem 
(ES) cell characterised in that the endogenous Ig heavy chain constant region genes 
are absent or partially absent Preferably all of the endogenous IgH C region genes 
are absent; more preferably all the known endogenous IgH C genes are absent. 

20 In a preferred embodiment the ES cell is a deletion mutant mouse embryonic stem 
cell in which all 8 endogenous heavy chain constant region immunoglobulin genes 
It, 8, y3 9 y*9 Y 2 ^ Y^b, e and a are absent or partially absent to the extent that they 
are non-functional, or in which genes 5 , y3, yl, Y2a, y2b and e are absent and the 
flanking genes \i and a are partially absent to the extent that they are rendered non- 
25 functional, or in which genes \l, S , y3 y yl, Y^a, y2b and £ are absent and a is 
partially absent to the extent that it is rendered non-functional, or in which genes 5, 
y3, yU Y2a, Y2b, £ and <x are absent and \i is partially absent to the extent that it is 
rendered non-functional 

30 The deletion mutant non-human mammal, preferably a rodent, more preferably a 
mouse, can be bred with a compatible non-human mammal that is able to express 
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one or more functionally active IgH C genes, preferably one or more functionally 
active human IgH C genes, e.g. a deletion mutant mouse can be bred with a mouse 
capable of expressing one or more functionally active human IgH C genes. The 
heterozygous progeny (FY) of this cross can be inter-bred to produce heterozygous 
5 and homozygous progeny (F2) of a non-human mammal, preferably a mouse, that is 
not able to express the endogenous IgH C genes and instead is able to express only 
foreign, preferably human* IgH C gene(s). 

As shown in other Ig knock-out mouse strains expressing Ig transgenes, the 
10 presence of mouse C genes can result in the production of chimeric human (i.e. 

foreign) - mouse Ig chains by trans-switching or trans-splicing mechanisms that 
bring gene segments on different chromosomal locations together (reviewed in 
BrUggemann and Taussig, Curr. Opin. Biotechn., 8, 455-458, 1997). Thus, an 
advantage of having deleted the entire or essentially the entire endogenous IgH C 
15 gene region is that in F2 progeny* having and expressing an introduced, e.g. 

exogenous IgH gene or locus, the endogenous IgH C gene locus cannot be re- 
activated to produce unconventional switch or splice products. Accordingly, an 
advantage of producing a non-human animal with silenced endogenous Ig genes 
and introduced human Ig genes is that no mixed molecules (e.g. mouse IgH and 
20 human IgL) can be produced and thus immunisation of that animal allows the 
production of specific fully human antibodies. 

The invention provides a genetically modified non-human mammal derived from a 
genetically modified non-human mammal as described herein, or from a genetically 
25 modified non-human cell as described herein, and provides a genetically modified 
non-human cell derived from a genetically modified non-human mammal as 
described herein. 

The invention provides a method for producing a genetically modified non-human 
30 cell comprising: 

(a) (i) transfecting a non-human cell with a targeting construct for integration 
upstream of, or within the first IgH C gene of toe IgH C locus, said 

15 



Fax:0122336433l 



22 Aug 2005 1 6: 02 



P. 26 



WO 2004/076618 



PCT/GB2O04/000768 



10 



15 



20 



25 



targeting construct comprising a non-endogenous site specific 
recombination sequence and a selectable marker, selecting for a cell in 
which the selectable marker is present and screening said cell for 
integration of the recombination sequence, and, 
(ii) transfecting a cell produced in (a)(i) with a targeting construct for 
integration downstream of , or within the last IgH C gene of the IgH C 
locus, said targeting construct comprising a selectable marker and a non- 
endogenous site-specific recombination sequence, selecting for a cell in 
which the selectable marker is present and screening said cell for 
integration of the recombination sequence; or, 
(b) (i) transfecting a non-human cell with a targeting construct for integration 



30 



downstream of, ot within the last IgH C gWfe-Of t he IgH C locus, sai d^ 
targeting construct comprising a non-endogenous site-specific 
recombination sequence and a selectable marker, selecting for a cell in 
which the selectable marker is present, and screening said cell for 
integration of the recombination sequence, and, 
(ii) transfecting a cell produced in (b)(i) with a targeting construct for 
integration upstream of, or within the first IgH C gene of the IgH C 
locus , said targeting construct comprising a non-endogenous site- 
specific recombination sequence and a selectable marker, selecting for a 
cell in which the selectable marker is present, and screening said cell for 

- integration of the recombination sequence; or, - 

(c) co-transfecting a non-human cell with a targeting construct for 
integration upstream of, or within the first IgH C gene of the IgH C locus 
and with a targeting construct for integration downstream of, or within 
the last IgH C gene of the IgH C locus, each of said targeting constructs 
comprising a non-endogenous site specific recombination sequence and 
each having a selectable marker, selecting for a cell in which the 
selectable markers) is/are present, and screening said cell for integration 
of the recombination sequence; and optionally, 
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(d) providing to a cell obtained in (a)(ii), (b)(ii) or (c) a lecombinase active 
at the non-endogenous site-specific recombination sequence and 
screening for deletion events. 

5 The recombinase in optional step (d) can be provided by an expression vector, i.e. 
by introduction of an expression vector into the cell. In a preferred method, the 
non-endogenous site-specific recombination sequence is a loxP site and in optional 
step (d), die recombinase is a Cre recombinase. 

10 It is preferred that the genetically modified non-human cell is an embryonic stem 
cell or an oocyte. The genetically modified non-human cell can be a rodent cell, 
more preferably a mouse cell. 

Any suitable cloning vector may be used to generate the targeting construct, cloning 
15 strategies are described by Sarnbrook, Fritsch and Maniatis in Molecular Cloning, 

A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989. Desirably, the 
targeting construct may carry one or more marker genes; suitable markers are 
known, especially suitable are those that allow for positive selection. Of particular 
interest is the use of the gene for neomycin phosphotransferase ( w neo H ), which 
20 confers resistance to G418, also suitable is the puromycin resistance gene ("puro") 
or the hygromycin resistance gene; neomycin and/or puromycin resistance genes 
are preferred. 

In the targeting construct, upstream and/or downstream from the target gene, may 
25 be a gene which provides for identification of whether a homologous double 
crossover has occurred (negative selection). The Herpes simplex virus thymidine 
kinase gene (HSV-tk) may be used as a negative selection marker, since cells 
producing thymidine kinase may be killed by acyclovir or gancyclovir. 

30 Once a targeting construct has been prepared and any undesirable sequences 
removed, die construct can be introduced into the target cell, for example an ES cell 
or an oocyte. Any convenient technique for introducing the DNA into the target 

17 



HARKS & CLERKS Fax : 01 223364331 22 Aug 2005 16:03 P. 28 

WO 2004/076618 PCT/GB2004/000768 

cell may be employed. For conventional gene targeting (usually constructs up to 20 
kb), DNA is most frequently introduced by electroporation (see Zou el aL, Eur. J. 
Immunol., 25, 2154-62, 1995) whilst for secondary modifications, such as Crt~loxP 
mediated integration, electroporation can be used for integration of smaller 
5 constructs and other methods such as ttpofection and yeast spheroplast/cell fusion 
for YACs (yeast artificial chromosomes) and calcium phosphate-mediated DNA 
transfer for chromosome-fragments or mammalian artificial chromosomes which 
would allow integration of several 100 kb up to the Mb range. Thus, electroporation 
is the preferred technique for introduction of small DNA fragments (up to 50 Kb) 
10 into the target cell, the other methods listed are suitable and perhaps advantageous 
for the introduction of larger DNA sequences (>50 kb). 

After transformation or transfection of the target cells, they may be selected by 
means of positive and/or negative markers. As previously indicated, positive 
15 markers such as neomycin and/or puromycin resistance genes can be used. Those 
cells with the desired phenotype may then be further analysed by restriction 
analysis, electrophoresis, Southern blot analysis, PCR, or the like. 

PCR may also be used to detect the presence of homologous recombination, PCR 
20 primers can be used that are complementary to a sequence within the targeting 
construct, and complementary to a sequence outside the construct and at the target 
locus. DNA molecules are obtained- in the PCR reaction only when both the 
primers are able to bind to the complementary sequences, i.e. only if homologous 
recombination has occurred Demonstration of the expected size fragments, verified 
25 by sequencing, supports the conclusion that homologous recombination has 
occurred 

While the presence of the marker gene in the genome indicates that integration has 
taken place, it is necessary to determine whether homologous integration has 
30 occurred. Methods for achieving this are known in the art, such as using DNA 
analysis by Southern blot hybridisation to establish the location of the integration. 
By employing probes for both the insert and the sequences at the 5 f and 3* regions 
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distant to the flanking region where homologous integration would occur, it can be 
shown that homologous targeting has been achieved An advantage is that external 
probes adjacent to the targeting DNA and newly introduced restriction sites, for 
example by a selectable marker gene, can be used for identification of the targeted 
5 alteration 

Thus screening, preferably by PCR, can be used to confirm integration of NESSR 
sites such as loxB sites in the correct position, on the same allele and in the correct 
(direct) orientation to allow gene removal by deletion* Screening using methods 
10 such as PCR can also be used to detect deletion events. 

An embryonic stem cell as described herein, e.g. obtainable by the above method, 
can be used for the production of a genetically modified non-human mammal, 

15 Thfe above- described processes may be performed first to inactivate the constant 
heavy chain loci in an embryonic stem cell, the cells may then be injected into a 
host blastocysts and developed into a chimaeric animal. Suitable methods are 
described, for example, in Hogan et al> (Hogan, B., Beddington, R., Costantini, F., 
and Lacy, E. (1994). Manipulating the Mouse Embryo: A Laboratory Manual. Cold 

20 Spring Harbour Press NY). Chimaeric animals are bred to obtain heterozygous 
hosts. Then, by breeding of the heterozygous hosts, a homozygous host may be 
obtained. 

Accordingly, the invention provides a method for producing a genetically modified 
25 non-human mammal characterised -in that arf embryonic stem cell as described 

herein is introduced into a host blastocyst and developed into a chimaeric animal. 

This can be achieved by a method characterised by: 

(a) introducing a non-human mammal embryonic stem cell as described herein into 
30 a compatible non-human mammal blastocyst, and 

(b) transplanting the blastocyst obtained in (a) into a compatible non-human 
mammalian foster mother to obtain a chimaeric non-human mammal, and 
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optionally* screening for the selectable markers), and/or non-endogenous site 
specific recombination sequence(s), and/or for deletion of all or essentially all 
endogenous IgH C gene sequences. 

5 A chimaerie non-human mammal produced by these methods can be bred to obtain 
heterozygous progeny. The heterozygous progeny can be inter-bred to obtain 
homozygous progeny* 

The present invention also provides a method for producing a genetically modified 
10 non-human mammal according to the invention comprising: 

(a) injecting a non-human mammalian ES cell clone having two integrated loxP 
sites as described herein in t o a non-human m ammalrairblastocystr- — 

(b) transplanting the blastocyst into a compatible non-human ma mm alian foster 
mother to obtain a progeny chimaerie non-human mammal, 

15 (c) optionally screening for loxP, 

(d) breeding the progeny to obtain a non-human mammal having two integrated 
loxP sites on the same allele, 

(e) cross-breeding a non-human mammal having two integrated loxP sites with a ^ 

. » CO 

compatible Cre expressing non-human mammal, 

20 (f) screening the progeny for deletion mutants, preferably by PGR, or 3j 

(g) generating genetically modified non-human mammals, e.g. mice, with two D> 
- integrated loxB sites on ^>ne-allele, or on one locus, or on 2 separate. alleles or loci, . ^ 

by cross breeding of mice derived either by transgenesis or the ES cell route, 

(h) inter- or intra-allelic locus deletion upon Cre expression. 
25 O 

The invention also provides a method for producing a genetically modified non- ^2 
human m»™nsl characterised by cross-breeding a genetically modified non-human 
mammal homozygous for integration of a non-endogenous site-specific 
recombination sequence upstream of, or within the first IgH C gene of the IgH C 
30 locus with a compatible genetically modified non-human m a mm al homozygous for 
integration of a non-endogenous site-specific recombination sequence downstream, 
or within the last IgH C gene of the IgH C locus, to obtain heterozygous progeny 

20 
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and optionally interbreeding the heterozygous progeny to obtain progeny 
homozygous for both integrations. 

The progeny homozygous for both integrations can be cross-bred with a compatible 
5 non-human mammal capable of expressing a recombinase active at the non- 
endogenous site specific recombination sequence to obtain progeny; with IgH C 
gene deletion, which optionally can be screened using suitable methods to detect 
IgH C gene deletion. 

10 The non-endogenous site specific recombination sequenced) can be loxP sites and 
the recombinase a Cie recombinase. 

Progeny heterozygous or homozygous for loxP at both loci can be cross-bred with a 
compatible non-human ^mm fll capable of expressing Cre recombinase to obtain a 
15 progeny non-human mammal that does not comprise a nucleic acid sequence which 
itself encodes any endogenous Ig heavy chain constant region locus polypeptide on 
one or both alleles. 

A transgenic non-human mammal capable of expressing Cre recombinase may be 
20 prepared by microinjection of linearised Cre plasmid into male pronucleus of Fl 
non-human mammal embryos to produce Cre expressing non-human mammal 
strain. 

Using methods of the invention described herein a genetically modified non-human 
25 mammal can be obtained that does not comprise a nucleic acid sequence which 
itself encodes any endogenous Ig heavy chain constant region polypeptide. 

The invention provides a method for producing a genetically modified non-human 
mammal capable of expressing one or more exogenous genes, characterised by 
30 breeding a genetically modified non-human mammal that does not comprise a 
nucleic acid sequence which itself encodes any endogenous immunoglobulin heavy 
chain constant region locus polypeptide, with a compatible non-human mammal 
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that encodes and is capable of expressing one or more exogenous gene(s), to obtain 
progeny heterozygous for the one or more exogenous gene(s), and optionally inter- 
breeding the heterozygous progeny to produce progeny homozygous for the one or 
more exogenous gene(s). 

5 

An exogenous gene is a gene which is foreign, i.e. non-native, to the host non- 
human mammal or cell. 

Thus the invention may be used to produce a non-human mammal, that is 
10 preferably a rodent, more preferably a mouse, that is capable of expressing foreign, 
preferably human immunoglobulin gene(s), by breeding the genetically modified 
non-human mammal, as denned herein thai is unable to express functionally active 



(endogenous) IgH C genes, with a compatible non-human mammal, preferably a 
rodent, more preferably a mouse, that is able to express one or more functionally 
15 active foreign, preferably human IgH C genes. This enables inter-species gene/locus 03 
exchange to produce selected progeny (heterozygous or homozygous) with one or (Ji 
more functionally active exogenous, preferably human gene(s) of the desired traits 
in a background where the corresponding genes of the non-human mammal are ^ 
silenced or removed. 

20 °2 
A method is provided for producing a genetically modified non-human mammal or fTi 

cell"capable-of expressmgone or more exogenous gene(s) comprising introduction- - O 

of one or more exogenous gene(s) into a non-human mammalian cell as described "O 



herein that does not comprise a nucleic acid sequence which itself encodes any 
25 endogenous immunoglobulin heavy chain constant region polypeptide. It is 
preferred that die non-human mammalian cell is an embryonic stem cell or an 
oocyte. When the non-human mammalian cell is an ES cell, it is preferred that the 
one or more exogenous gene(s) are introduced by transfection. When the non- 
human mammal cell is an oocyte (egg cell) it is preferred that the one or more 
30 exogenous gene(s) are introduced by DNA micro-injection. Preferably the one or 
more exogenous gene(s) are inserted into the genome of the non-human mammal or 



22 



MARKS & CLERKS 



Fax:01223364331 



22 Aug 2005 16:04 



P. 33 



WO 2004/076618 PCT/GB204W/000768 

coll, most preferably the one or more exogenous gone(s) are inserted into a non- 
endogenous site specific recombination sequence. 

An alternative method for producing a genetically modified non-human mammal ■ 
5 capable of expressing one or more exogenous gene(s) is provided, that comprises 

cross-breeding a non-human mammal that does not comprise a nucleic acid 
sequence which itself encodes any endogenous immunoglobulin heavy chain 
constant region polypeptide with a compatible transgenic mammal having one or 
more exogenous gene(s) associated with or flanked by a non-endogenous site 
10 specific recombination sequence and having a recombinase active at the non- 
endogenous site specific recombination sequence to obtain progeny and optionally 
screening the progeny for insertion of the one or more exogenous gene(s). 

In the above methods for producing a genetically modified non-human mammal or 
15 genetically modified non-human mammalian cell, capable of expressing one or 

more exogenous genes, it is preferred that the non-endogenous site specific 
recombination sequence is a loxP sequence and insertion is by Ore - lox P 
integration. The genetically modified non-human mammal is preferably a rodent, 
more preferably a mouse. 

20 

In order to provide for the production of xenogeneic (exogenous) binding proteins, 
(e.g. foreign antibody proteins) in a host, it is necessary that the host be competent 
to provide the necessary enzymes and other factors involved with the production of 
antibodies (e.g. the cellular recombination machinery), while lacking the 

25 endogenous genes for the expression of the heavy JgC sub-units of 

immunoglobulins and thus not able to express the remaining V, P and J segments 
after DNA rearrangement Hius, those enzymes and other factors associated with 
germ line re- arrangement, splicing, somatic mutation, and the like are preferably 
functional in the host However, a functional natural region comprising the various 

30 exons associated with the production of endogenous immunoglobulin heavy chain 
constant regions will be absent/deleted in certain embodiments of the invention. 
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In a deletion and replacement strategy, the exogenous genetic material for insertion 
may be produced from a mammalian source, preferably a human source, or may be 
produced synthetically. The material may code for at least part of a known 
immunoglobulin or may be modified to code for at least part of an altered 
5 immunoglobulin. Suitable techniques for these processes are well known. 

In the case of the deletion and replacement strategy, where the xenogeneic DNA 
insert is large, complete Ig loci (1-3 Alb) could be inserted. The use of the Cre-loxP 
replacement strategy would then allow locus removal and insertion of a different 
10 locus. 



' The exogenous gene or genes is preieraDly an Ig n gene or Ig 13 genes, more 
preferably an IgH C gene or IgH C genes. The exogenous gene or genes can be a 
human gene or human gene(s), preferably the exogenous gene(s) are human Ig 
15 heavy chain constant region genes, more preferably a human Ig heavy chain 00 

m 

constant region locus, or a human Ig heavy chain locus, having V, D, J and/or C CO 
regions. ^ 

i 

In the human, the immunoglobulin heavy chain locus is located on chromosome 14. 

20 In the 5*-3' direction of transcription, the locus comprises a large cluster of variable CD 
region genes (Vh), the diversity (D) region genes, followed by the joining (Jh) 

region genes and the - constant (Gh) gene cluster? -Tlie- size of-the- locus is- estimated — — 

to be about 2,500 kilobases (kb). During B-cell development, discontinuous gene *JO 
segments from the germ line IgH locus are juxtaposed by means of a physical 

25 rearrangement of the DNA. In order for a functional heavy chain Ig polypeptide to 

be produced, three discontinuous DNA segments, from the Vh, D, and Jh regions 
must be joined in a specific sequential fashion; Vh to DJh, generating the functional 
unit VhDJ h . Once a VhDJh has been formed, specific heavy chains are produced 
following transcription of the Ig locus, utilising as a template the specific V^JhCh 

30 unit comprising exons and introns. There are two loci for Ig light chains, the k 
locus on human chromosome 2 and the A. locus on human chromosome 22. The 
structure of the IgL loci is similar to that of the IgH locus, except that the D region 
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is not present Following IgH leamngement, rearrangement of a light chain locus 
is similarly accomplished by V L and Jl joining of the x or X chain. The sizes of the 
X and k loci ate each 1-3 Mb. Expression of rearranged IgH and an IgK or IgX light 
chain in a particular B-cell allows for the generation of antibody molecules. 

5 

The human Ig heavy chain locus V, D, J and/or C regions can be in germline 
configuration, or can be productively arranged. In germline configuration the exons 
are spaced by intervening sequences thus gene sequence must be rearranged for 
expression of the gene(s). When productively arranged, intervening sequences have 
10 been removed from the gene sequence and thus re-arrangement of gene sequence is 
not required for expression of the gene(s). 

The invention provides a non-human mammal or cell capable of expressing one or 
more exogenous genes, obtainable by a method described herein and provides the 
IS use of a non-human mammal or cell in the production of exogenous 
immunoglobulin, preferably human immunoglobulin. 

An exogenous immunoglobulin is an immunoglobulin which is non-native to the 
host mammal or cell in which it is produced; in some embodiments of the invention 
20 it is preferred that the exogenous immunoglobulin comprises a mammalian variable 
region which is non-native to the host mammal or cell in which it is produced, more 
preferably the mammalian variable region is a human variable region. 

It has been found that a trims genie non-human mammal can produce chimaeric or 
25 foreign immunoglobulin (Jerived from inserted exogenous genetic material) in 
response to an immunogeA subsequently introduced to the transgenic non-human 
mammal. Accordingly, by introducing foreign, e.g. human, genetic material 
encoding for substantially the entire species-specific regions of an immunoglobulin 
it may be possible to stimulate the transgenic non»human mammal to produce 
30 foreign immunoglobulin to any antigen introduced to the animal. The transgenic 
animal could thus provide a highly useful, convenient and valuable source of human 
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immunoglobulins to a large range of antigens. Furthermore, there would be no 
interference due to endogenous TgH C polypeptide being sumiltaneously expressed 

Accordingly the present invention provides a method for production of an 
5 immunoglobulin comprising use of a non-human mammal or cell of the invention, 
which is capable of expressing one or more exogenous genes, the immunoglobulin 
being an exogenous immunoglobulin with respect to the host mammal or cell in 
which it is produced In a preferred aspect the exogenous immunoglobulin 
comprises a mammalian variable region that is non-native to the host mammal or 
10 cell in which it is produced, more preferably the mammalian variable region is a 
human variable region. In another preferred aspect the exogenous 
irnrnrnu nnglobulih is a human iimnlinogflgfrUltn 



When a non-human mammal is employed in a use or method for production of an 
15 exogenous immunoglobulin, the non-human mammal is a preferably a rodent, more 
preferably a mouse. 

m 

CO 

When a non-human mammalian cell is employed in a use or method for production H 
of an exogenous immunoglobulin, the non-human mammalian cell is a preferably a < 
20 rodent cell, more preferably a mouse cell. |P 

m 

Thcr present invention also provides an immunoglobulin obtainable or obtained by 

a use or method of the invention for the production of an exogenous fry 

o 

immunoglobulin. ^jj 



25 

The present invention also provides a human immunoglobulin obtainable or 
obtained by a use or method of the invention for the production of an exogenous 
immunoglobulin. 

30 Further provided is an immunoglobulin for use as a medicament, said 
immunoglobulin being obtainable or obtained by a use or method of the invention 
for the production of an exogenous immunoglobulin. Yet further provided is the 
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use of an iramunoglobulin in the manufacture of a medicament, said 
immunoglobulin being obtainable or obtained by a use or method of the invention 
for the production of an exogenous immunoglobulin. Also provided is a 
medicament composition comprising an immunoglobulin according to the invention 
5 and a pharmaceutical^ acceptable excipient 

Description of the Figure 

Figure 1 illustrates the strategy for heavy chain immunoglobulin constant region 
10 gene removal. A loxP sequence upstream of a selectable marker gene (puromyedn) 
was inserted at the most 5*C gene and another selectable marker gene (neomycin) 
upstream of a loxP sequence was inserted downstream of the last and most 3*Ca 
gene at the 3* enhancer. Upon Cre expression, this strategy resulted in the removal 
of a ~200kb region with all C genes. 

15 

Figure 2 illustrates the targeting construct for the 3' region, restriction digests 
confirming correct assembly are provided on the left hand side. 

Figure 3 illustrates a test Southern blot showing the germline (GL) fragments when 
20 hybridising with the 3' external) probe indicated Samples with homologous 
integration or knock-out (KO) produce an additional -10 kb SacI and ~4Jcb BaroHI 
band in addition to a weaker gennline band for the unmodified allele. 

Figures 4 and 5 illustrate that following transfection of ZX3 (ZX3 is an in house 
25 designation for murine embryonic stem cells produced using methods described by 
Hogan, B., R. Beddington, F. Costantini, and E. Lacy. 1994 in Manipulating the 
mouse embryo, a laboratory manual. Cold Spring Harbor Laboratory Press), 
embryonic stem cells were selected and screened and from 601 ES cell clones, one 
targeting event, clone no. 355, was identified Further Southern blot analysis of 
30 clone 355 is shown in Rgure 5 left hand side. 
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Figure 6 illustrates the Cfi targeting construct and the sequence analysis of focP in 
the 2 targeting constructs, which verified their correct orientation to allow Cie- 
mediated deletional removal of all C genes. 

Figure 7 shows the scheme for targeted integration and deletion of the C gene 
cluster. 

Figure S shows Southern blot analysis of potential 355 (3*E) homozygous derived 
from ES clone 355 and their crossing to homozygosity. The ~4kb band indicates 
the targeting event, the -6.51* band is the gennline band and -H- indicates targeted 
integration on both alleles. 

Figure 9 shows the 355 ES cell clone that was used for further targeting with the Cfi 
targeting vector. External probes are indicated as A and B. This resulted in one 
dual targeting event, clone 212. 

Figure 10 shows how integration was verified. Clone 212 carries two targeted 
integrations, upstream and downstream of the C gene cluster. Transfection of the 
ES pells with a Cre vector allowed deletion analysis and suggested that both 
targeting events were on one allele. 

" ~ Figure 11 shows- that clones- after- Gre transfection appear -to produce a PCR band 
using primers 1 and 4 illustrated in Figure 7. However, one band indicating 
targeted integration, primers 1 and 2, remained. This may indicate mixed clones or 
that the Cre-ZoxP mediated removal is not achieved in all cells of the clones. 

Figure 12 shows PCR analysis of potential gennline transmission mice (selected by 
coat colour) for both targeted integrations 3'E and yu Unexpectedly, about half the 
number of gennline transmission mice had an allele carrying either the 5* or 3' 
targeting event, but not both events. Of 19 mice, 6 were negative, 7 positive for 
targeted integration in 3'E» 5 positive for targeted integration in p. and one was 
positive for both targeting events. As gennline transmission was about 50% (half 
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of the mice with the connect coat colour did not have the target modification) it 
seems that the two targeted integrations are on one allele but that cross-over 
frequently separated the two regions. 

5 Figure 13 shows the results of PGR analysis of a larger number of potential 
germline transmission mice (selected on the basis of coat colour) which resulted in 
identification of 7 mice that carry both targeting events 3'E and jx. Of 51 mice, 22 
were negative, 14 positive for targeted integration in 3'E, 7 positive for targeted 
integration in ]i and 7 were positive for both 3'E and \i targeting events. 

10 

Figure 14 shows the scheme for PCR analysis of IgHC knock out (deletion) mice. 

Figure 15 shows the results of PCR analysis of first and second generation offspring 
obtained following crossing the two germline transmission mice carrying bpth 
15 targeting events, ii^ and with Cre + animals. 

r 

Figure 16 shows the results of flow cytometry analysis of bone marrow and spleen 
cells from homozygous CA (IgHC deletion) mice. 

20 Figure 17 shows (A) the results of analysis of D-J and VJ>J rearrangement by 
PCR, performed to test the engagement of the IgH locus in rearrangement of DNA 
from bone marrow cells, and (B) single-step RT-PCR transcriptional analyses of 
RNA prepared from bone marrow cells and single-step RT-PCR. 

25 Figure 18 shows the results from ELISA performed on serum from Fl, CA and 

pMT mice; in the serum of CA mice, no presence of any Ig or individual fractions 
of IgM, IgG or IgA was f oundL 

30 
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Examples 

Example 1: Preparation of the targeting construct for the 5' Cn sgg joo 

5 A K phage library, obtained from E14 ES (embryonic stem) cell DNA (Sambrook, 
Frisch, Maniatis, Molecular Cloning, A laboratory manual, Cold Spring Harbor 
Laboratory Press, 1989), was hybridised with a. 4.5 Kb BamHI fragment comprising 
Cfi (Zou et ah Int Immunol. 13, 1489-1499, 2001) several positive clones were 
identified and mapped. Hybridisation methods are well documented in the literature 

10 and known by researchers skilled in the art. 



A loxP site was added to the puromycm gene (iticicer et at., Genes Dev., 10, I00B=" 
1020, 1996) by PCR (forward primer oligo Bamffi-ZoxP-puro: 
5 ' 1TTGG ATCX^ AT AACTTCGT ATAATC 
15 COAAATTCTACCGGQ3 5 (SEQ ED NO: 1) and reverse primer oligo Bcll-puio: 5' 
TTTGATCAGCTOATCTCXJTTCTTCAGaC 3* (SEQ ID NO; 2) which allowed 
the retrieval of foxp-puro on a BamHt-BclI fragment)* 

The -6.5 kb fragment from JH3/4 to Q*l and the -5,5 kb fragment from C/x2 to CS 
20 were linked with a JaxP-puromycin resistance gene on a -2 kb BamHI-BclI 
fragment (see Figure 6). 

The targeting construct for C/i (ji^*) was assembled by subcloning of BamHI-Bgin 
fragments into pUC19 (Invitrogen). The 3* EcoRI site was replaced by NotI using 
25 partial digest and blunt end linker insertion. In the resulting 5' targeting construct 
for C/i, a loxP sequence was inserted upstream of a selectable marker gene 
(puromycin) which was inserted at the Cfi gene. 

Example 2; Preparation of the targeting construct for the a 3' region 

30 

The A phage library (see above), obtained from B14 ES (embryonic stem) cell DNA 

was hybridised with a 3.5 kb BgUI fragment comprising the rat cc 3' enhancer 
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(Pettersson et al, Nature, 344, 165-168, 1990) and several positive clones were 
identified and mapped. 

The a 3* enhancer region on a -9 kb SacX fragment was cloned into pUC19 and the 
5 internal EcoRV site was changed to Spel by partial digest and blunt end linker 
insertion. This unique site allowed the integration of a -13 kb Neomycin-ZaxP gene 
on a compatible Nhel fragment (see Figure 2). A loxP site was added to the 
neomycin resistance gene (Stratagene, La Jolla, CA) by blunt end insertion of JadP 
ftom pGEM-3G (Gu, H, WR. Zou, and K. Rajewsky. Cell, 73, 1155-1164, 1993) 
10 and by oligonucleotide insertion (Sauer, Mol. Cell. Biol., 7, 2087-2096, 1987) in 
the a3* targeting construct (3*E lox ) downstream of the neomycin gene. 

Example 3: rnnflrmin g orientation of the loxV Sites 

15 Correct orientation of the loxP site in each targeting construct was verified by DNA 

sequencing (see Figure 6). The loxP sites must be in the same linear orientation to 
each other so that upon targeted insertion of both loxP sites Cre-mediated deletioiial 
removal can be obtained. Here, this allows the removal of both inserted selectable 
marker genes and the region between Cfi and the 3'a enhancer at the end of the C 

20 gene cluster. 

Example 4; Preparation of ES cells 

ZX3 ES cells, obtained from the 129 sv mouse strain were produced using methods 
25 described by Hogan, B., R. Beddington, R Costantini, and E. Lacy. 1994 in 
Manipulating the mouse embryo, a laboratory manual. Cold Spring Harbor 
Laboratory Press. ZX3 is an in house designation for these murine embryonic stem 
cells derived by Zou Xiangang upon his 3 rd attempt 

30 
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Examekg 5= ES cen transaction and Southern hybridisation 

The C/w targeting construct was linearised using BamHI and NotI and the 
5 a 3' enhancer targeting construct was linearised with BglH and EcoRV (see Figure 
3). For each construct separately, about 10 fig purified fragment (purification kit 
#28304, Qiagen, Crawley, West Sussex, UK) was mixed with ~10 7 ZX3 ES cells, 
obtained from the 129 sv mouse strain, and subjected to electiuporation and 
selection as described (Zou et al, Eur. J. Immunol, 25, 2154-2162, 1995; Zou et a/, 
10 Int. Immunol. 13, 1489-1499, 2001). DNA from G418 resistant (Neo r ) clones for 
the a 3' enhancer construct was prepared and analysed in Southern blots as 
" described (Sambrook, Pritsch, Maniads, Molecular Cloning, A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, 1989). This allowed the identification of one 
correctly targeted clone (355) to be used for introduction of the Cm construct and 
15 puromycin selection which resulted in one correctly targeted clone (212) identified j 
with correct insertion into Cfi and the 3' a enhancer. 

Hybridisation probes were a -0.4 1* 3* external EcoRV-SacI fragment for the 

a 3 'enhancer (see Figure 5) and 5 s and 3* external probes for C/x described in Zou CO 

20 et o/„ Int. Immunol. 13, 1489-1499, 2001 (see Figures 9 and 10). These were the 5' ^ 

external probe, a -0.5 kb BamHl-Bglll fragment, and a 335 bp 3* external probe, ^ 
" ' obMnedbyPT^ witirtfie f oUowing o^^ "forward jg^ 

primer 5 ' AACCTQACATQTTCCTCC3 1 (SEQ ID NO: 3) and reverse primer 03 
5 ' GGGATT AGCTG AGTGTGG3 9 (SEQ ID NO: 4). PCR conditions were 95°C 1 lift 

25 min,58°C 1 min and 72^ 30 sec for 30 cycles. O 

Southern blots were carried out as above with the results given in Figures 3, 4 and 5 
which shows the germline (GL) fragments when hybridising with the 3' external) 
probe indicated. Samples with homologous integration or knock-out (KO) produced 
30 an additional -10 kb Sad and -4-kb (3.8 kb) BamHI band in addition to a weaker 
germline band for the unmodified allele. 
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Figure 9 shows results from ES cell clone 355 which was used for further 
integration of the Cfi targeting vector. Southern blot analysis was carried out using 
probe B and probe A (not shown) which identified one double targeting event, 
clone 212. 

For Cre-mediated deletion in transient transfection 10 jtxg of supercoiled plasmid 
pBS185 (Oibco, Cat. No. 10347-011) was mixed with 10 7 ES cells in 0.8 ml ES cell 
medium and kept at RT for 10 min. After transfer into a 0.4 cm electrode gap 
cuvette (Bio-Rad, 65-2088) electric pulses were applied twice at 230V and 500/tF. 
Cells were cultured at 37°C for 30 min and then transferred at low density into 6- 
well plates containing feeder cells. After 8 to 10 days in culture clones were picked 
and equally split in order to test their survival in selective medium. About 10% of 
the clones perished and in their separate fractions deletion was identified by PCR 
and Southern analysis. 

Figure 10 shows how integration was verified by Southern blot analysis as 
described above. Clone 212 carries two targeted integrations, upstream and 
downstream of the C gene cluster. Transfection of the ES cells with the Ore vector 
allowed deletion which increased the resulting hybridisation band as expected. 

The removal of all 8 C-region genes on a -200 kb region involved targeted 
integration of taaP-flanked homology construct* and 3*E lac ) into Cfi exons 1 
and 2, with the removal of a 330 bp BgHI-BamHI fragment, and into the 3' 
enhancer, located -15 kb downstream of Ca (Fig. 7). Homologous integration was 
identified by Southern hybridisation using external probes (Rg. 10). This produced 
in a BgUI digest and hybridisation with the 5*J H probe an 8.3 kb germline and a 7-8 
kb targeting band, whilst the 3'E probe identified an 1 1.2 kb germline and a 12.5 kb 
targeting band Using the 3'B probe in a BamHI digest identified a 6.5 kb germline 
and a 4 Id) targeting band. To assess the efficiency of Cre-fo^-mediated C-gene 
removal Cre plasmid pBS185 was transfected and transiently expressed in double- 
targeted ES cellB. Upon C-gene deletion a 15 kb BgUI fragment was obtained when 
hybridising with the 5' Jh and, separately, with the 3'B probe and in a BamHI digest 
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an 11.5 kb fragment was obtained with the 3'E probe. These findings agreed with 
the map of the locus. Analysis of individual colonies by Southern blotting and PCR, 
with examples given in Fig. 10, showed locus deletion in about 10% of the clones. 
This agreed well with the initial assessment of cellular up-take and expression of 
5 the Cre-gene which was verified by transferring part of each colony into selective 
medium where about 1 in 10 clones died The double targeted ES cell clone 212 
was used to derive mice as m vitro deletion was easily obtained which suggested 
that both modifications integrated on the same allele and that in vivo deletion could 
possibly be achieved by breeding of gennline transmission mice with Cue 
10 expressers [15]. 

Vmfication" of the tW 6 targeted inte^arlfrft events ups t ream (5^ C/i) and 

downstream (o3*) of the C gene cluster was confirmed in clone 212 by transient 
transfection of the ES cells with the Cre vector and deletion analysis by PCR using 

15 primer pair 1-4 (see Figures 7 and 14, for PI and P4 see Examples) which showed 
deletion of the C gene cluster and suggested that targeted integration of the two 
constructs happened on one allele (see Figure 1 1). 

Figure 11 shows that clones after Cue transfection appear to produce a PCR band 
20 using primers 1 and 4 illustrated in Figures 7 and 14, and in Example 8. However, 

one band indicating targeted integration, primers 1 and 2, remained. This may 
— - ■ indicate mixed clones or that the Gre-ZaxP mediated removal is not achieved in- all . 

cells of the clone. Note, as this is not seen in Southern blot hybridisations, Figure 

10, is it likely to represent low level contamination picked up by very efficient PCR 
25 amplification. 

Example 6i Generation of mice and breeding 

ES cell clones with targeting events (355 for the single a 3 'enhancer targeting 
event, integration of 3E te into the 03* enhancer, and 212 for the a 3' enhancer 
30 and 5' Cfi (n lQX ) targeting events) were injected into BALB/c blastocysts, 

transplanted into (C57BL/6 x CBA)F1 foster mothers and chimaaric mice and 
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germline transmission was obtained as described (Hogan, B M IL Beddington, R 
Costantini, and E. Lacy. 1994. Manipulating the mouse embryo, a laboratory 
manual. Cold Spring Harbor Laboratory Press). The mice were further analysed by 
PGR as described below and were derived, bred and investigated in accordance 
5 with UK Home Office project licence regulations. 

Crossing animals carrying both targeting events with Cre mice (for methods see 
reference 15, Zou et al (2003)) resulted in locus deletion. 

10 Examples 7: Southern Mot analysis of germline transmission mice derived 
from ES clone 355 

Southern blot analysis of germline transmission mice derived from ES clone 355 
with the mice derived therefrom crossed to homozygosity was carried out using the 
15 3* external E probe (C in Hgure 7). The -4Kb band indicates the targeting event, 

the ~6.5kb band is the germline band and ++ indicates targeted integration on both 
alleles. The results of the Southern blot are provided in Figure 8. 

Por the derivation of transgenic mice expressing Cie-protein ubiquitously, the Cre 
20 plasmid pBS185 (GibcoBRL, Life Technologies, Paisley, UK) was linearised with 
Seal and purified using a DNA purification kit (#28304, Qiagen, Crawley, West 
Sussex, UK). DNA was microinjected into the male pronucleus of Fl embryos 
(CBA x C57B1/6) according to standard methods (Hogan, see above) and several 
founders were produced, two of which showed a high gene/locus deletion rate when 
25 crossed with loxP mice. 

Figure 12 shows that, unexpectedly, about half the number of germline transmission 
mice obtained from clone 212 had one allele carrying either the 5' or 3 s targeting 
event, but not both events. As germline transmission was about 50% (half of the 
30 mice with the correct coat colour did not have the site-specific modification) it 
seems that the two targeted integrations are on one allele but that cross-over 
frequently separated the two regions. 
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Analysis of a larger number of mice analysed by PCR identified 7 mice which 
carried both targeting events (Figure 13). Breeding of these mice with Cre 
e/tpressers showed locus deletion, resulting in production of a mouse with deletion 
5 of the IgH C gene cluster on one allele. 

Example 8s PCR screening for IgH C knock out (deletion) mice 
Primers 

NAME NAME LENGTH SEQUENCE (5' to 3') 

10 (J. Coadwell) (L.Ren) 

PI VO0818f.pri MIgHKOlF 27bp AGAGCCCCCTGTCTGATAAGAATCTGG 

PI corresponds to SEQ ID NO: 5, this is a forward primer that binds to the fi 
15 region. 

P2 Puromycinr.pri MIgHK02R 23bp TGGATGTGGAATGTGTGCGAGGC 

P2 corresponds to SEQ ID NO: 6, this is a reverse primer that binds to the n region. 



20 



25 



P3 Neoroycinf .pri. M3gHKQ3F 23bp TGCTTTACX^ATCGJXG^^ 

m 

CO 

P3 corresponds to SEQ ID NO: 7, this is a forward primer that binds to the 3' 
enhancer region. ^ 



30 



P4X96607r.pri MIgHKCMR 22bp GAGTOCCCATCCCCAAGGCTGG ^ 

. • • IT 

EFI 

P4 corresponds to SEQ ID NO: 8, this is a reverse primer that binds to the 3' <r> 

o 

enhancer region. ^ 



36 



MARKS £ CLERKS 



Fax:01223364331 



22 Aug 2005 16:07 



P. 47 



PCT/GB2WM/000768 



PCR Methods 




For each of the PCRs used for the mouse IgH knock-out Bcreening the reactions 


were set up as follows: 




Per 20 .id reaction; 




10 x buffer 


2.0 Ml 


2mMdNTPs 


2.0 /tl 


20mM forward primer 


0.8 Ml 


20mM reverse primer 


0.8 nl 


lab-prep. Taq 


0.1 Ml 


diluted tail DNA 


1.0 /il 


water 


13.3 Ml 



The forward and reverse primer pairs used for each PCR type were; 
i. 212 PCR MIgHKOlF (SEQ ID NO: 5) and MIgHK02R (SEQ ID NO: 6) 
15 ii. 355 PCR MIgHK03F (SEQ ID NO: 7) and MIgHK04R (SEQ ID NO: 8) 
iii. deletion PCR MIgHKOlF (SEQ ID NO: 5) and MIgHKCKR (SEQ ID NO: 8) 

The lOx buffer used was: 
500mMKCl 
20 0.05% Tween20 

l00mMTiis-ClpH9.0 
1.5mMMgCl 2 . 

The reactions were per formed as follows: 
25 5 minutes at 95 °C for 1 cycle, 30 seconds at 94 °C, then 45 seconds at the 

appropriate annealing temperature, followed by 1 minute at 72 °C for 30 cycles, 
then 10 minutes at 72 °C for 1 cycle. After which the reactions were held at 6 °C 
until they were analysed. 

The annealing temperatures used for each reaction type were: 



30 i. 212PCR 62°C 

ii. 355 PCR 62 °C 

iii. deletion PCR 66 °C. 
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EgUBBiB 9: AlleMc mosaicism is transmitted throughout the germllne 

Breeding insults from the first 2 germline transmission mice carrying both targeting 
events, 0 te and 3'E lD \ with Cre* animals (1 st generation) and the further breeding of 
C-deletion (CA) mice to obtain homozygous animals without any remaining IgH C- 
genes (2 nd generation) are illustrated in table 1 

Table 1: Transmission rate of homologous integration and locus deletion. 



Genotype: 1 st generation* 


Genotype: 2 M generation 0 


homologous 


deletion 


number 


homologous 


deletion 


number 


integration 




(%) 


integration 




(%) 




+ 


0(0) 




+ 


4(11)* 


+ 




2(5)* 


+ 


+ 


0(0) 






24(60) 






10 (26) 


wildtype 


14 (35) 


wildtype 


24 (63) 



10 



15 



20 



25 



(a) Oermline-transmission mice carrying both targeting events (ji 10 * and 305"*) 
were crossed with heteroxzgous Cre mice. From 71 first generation mice 
analysed by PCT, 40 were Cre* and for those animals the presence of targeted 
integration and locus deletion is shown. 

(b) Del^on"nnc» fcm&e l tt "^Sfioii Fl " 
mice which resulted in 38 animals analysed by PCR with either locus deletion 
or* separately* the targeting events or without any modification. 

In the 1 st generation mice produced, Cre transmission was somewhat better then the 
50% expected with a large number of mice carrying the targeting events. This 
implied that both targeted integrations occurred on one allele although the size and 
complexity of the IgH locus did not allow detenniation of the chromosomal linkage 
by molecular means. However, in these 1 st generation animals CA was only 
accomplished in two mice, which also retained the PCR bands for the targeting 
events (Fig. 15). Such low level of Cre-loxP-mediatod deletion accompanied by 
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locus mosaicism was not apparent in previous breedings using the Cre pBS185 
mice [15]. This could be due to diminished deletion efficiency in heterozygous 
mice due to reduced Cre levels or alternatively inaccessibility of the IgH locus. 
Breeding combinations of Cre* male or female animals with M tox 3*E bx mice did 

5 not change this outcome. Nonetheless, the findings suggested that locus deletion 
could be achieved but not with a high efficiency in all cells. Working on the 
assumption that Cre-loxP-mediated deletion can be operative early in fetal 
development proved to be correct, as further breeding of mice carrying fee targeted 
deletion and the 2 homologous integration events resulted in offspring with 

10 transmitted deletion and without any remaining targeted integration (Hg. 15, lane 4 
and 5). The frequency with which heterozygous CA mice were obtained from 
mating of mosaic founders was considerably lower than transmission of the targeted 
integrations or indeed the number of wildtype mice, which suggests the following 
events. A fertilised egg carries one IgH wildtype allele, one double-targeted IgH 

15 allele and Cre randomly integrated in the genome. Cre-mediated deletion operates 

disproportionately, and at the 4-cell stage only one blastomere carries the deleted 
allele and a wildtype allele whilst the other 3 blastomeres carry each a double- 
targeted allele and a wildtype allele. This distribution pattern is maintained in 
development and upon meiosis 4 of 8 germ cells (50%) have the wildtype allele, 3 

20 of 8 (37.5%) the targeted allele and 1 of 8 (12.5%) the deletion. Although the 
numbers in table 1 are too small to precisely match this calculation they show that 
the majority of 2 nd generation mice are wildtype, that an intermediate number of 
mice carry the targeted integrations and, at 11%, a close match is found for die 
number of CA mice which strongly supports the prediction that Cre-mediated 

25 recombination can be disproportionate at early developmental stages. 

Example 10? PCR analysis of deleffoa and rearrangement 

Homologous integration in Cfi afid the a3' enhancer was identified lising 2 sets of 
30 oligonucleotides (see Rg. 1): (1) Q* forward (5 ' AG AGCXCCCTGTCTGATAA 
GAATCTGG3* SEQ ID NO: 5) and (2) puro (5'TGGATGTGGAATGTGT 
GCGAGGC 3* SEQ ID NO: 6), produced a -485 bp fragment; while (3) neo 
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(5'TGCTTTACOGTATCGCCGCTCCC 3' SEQ ID NO: 7) and (4) 3'E 
(5'GAOTCCCCATCCCCAAOGCrOO 3* SEQ ID NO: 8) produced a -500 bp 
fragment. Upon C gene removal oligos (1) and (4) produced a -613 bp deletion 
band The presence of the Cre-transgene and the y2a gene in the endogenous IgH 
5 locus were identified using the following oligonucleotides: Cre for 
5 ' OGACATGTTCAQOGATCGCCAGG3 * SEQ ID NO: 9 and Cre rev 
5 ' GATAGCTOGCTGGTOOC AG ATGG3 ' SEQ ID NO: 10, and y2z for 
5'GGCTGOGA TGGGC ATAAGGATAA AGGTC3 ' SEQ ID NO: 11 and a 1 to 1 
mixture of y2a* rev 5 ' GTAGCT ATTTCTTTCC ACCC AGTTCTTC3 ' SEQ ID NO: 
10 12 and y2a h rev 5' G AAA AG ACTrcCTCTTTCCCAAGTOCTrC3 ' SEQ ID NO: 
13 which were allotype specific. Optimal PCR conditions were 94°C 45 sec, 60°C 
(Cre, y2a) oe62"C (Cjt-puro, neo-3'E) or bb°<J (Lft-j'E ) 1 inin ui 45 sec (Cre) and 
72°C 45 sec for 30 cycles followed by 10 nrin at 72°C to complete the reaction. 

15 For the analysis of D-J and V-D J rearrangement, DNA and RNA was prepared 
from bone marrow cells using Tri Reagent (Sigma) and the One-Step RT-PCR 
System (Invitrogen, life technologies). Combinations of the following 
oligonucleotides were employed: a 1:1 mixture of DP (5' 
GCATGTCTCAAAGCACAATG 3' SEQ ID NO: 14) and DQ52 (5' 

20 ACCCTGGACACAGGAAACAC 3' SEQ ID NO: 15) forward primers; a 1:1 
mixture of VJ558L (5* ATGGGATGGAGCTGGATCTT 3 s SEQ ID NO: 16) and 
VJ558CL" tr ATGGAATGGAGCTGGGTCTT 3' SEQ ID NO: 17) forward - 
primers; JH1-4 reverse primer (5* O AG ACDGTG AS HRDRGTB CCTKSRCC 3' 
SEQ ID NO: 18 with R = A + G, K = G +T, H = A + T + C, B~G + T + C and D-= 

25 G + A + T); and lamin El, a ubiquitously expressed gene as control, lamin for 5' 
GTATQAGGCGGCACTAAACTCTAA 3' SEQ ID NO: 19, and a 1:1 mixture of 
lamin rev genomic 5* GAAGCCACTGAAGAACACAAATAO 3' SEQ ID NO: 20 
and lamin rev cDNA 5' TACGAAACTCCAAGTCCTCAGTAA 3' SEQ ID NO: 
21. PCR conditions were 35 cycles of 92°C 15 sec, 60°C 30 sec and 72°C 40 sec 

30 and RT-PCR conditions were 30 min 50°C and 2 min 94°C followed by 35 cycles, 
of 92°C 15 sec, 50°C 30 sec and 72°C 40 sec, followed by 10 min at 72°C to 
complete the reaction. 
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ExaBffilg 11: Block in d evelopment at the pre B-I stage 

To investigate the developmental capacity of the lymphocyte population in 
homozygous CA mice, bone marrow and spleen cells were analysed by flow 
5 cytometry (Fig. 16). 

Flow cytometry analysis 

Bone marrow and spleen cell suspensions were prepared from normal Fl (C57/BL6 
x CBA), pMT mice QiMT 7 " (Qi) homozygous mutant mice [11]) and CA deletion 

10 mice. Bone marrow cells were stained in four colour combinations (see Kg. 4) with 

F&conjugated anti-mouse okit (GDI 17, 09995B, BD PharMingen, San Diego, 
CA), APC-conjugated anti-mouse CD45R (B220, 01 129 A, BD PharMingen), 
biotin-conjugated anti-mouse CD25 (01092 A, BD PharMingen), FTTC-conjugated 
monoclonal rat anti-mouse IgM (ji chain specific, 04-6811, Zymed, San Francisco, 

15 CA), biotin-conjugated anti-mouse CD43 (01602D, BD PharMingen), FTTC- 
conjugated anti-mouse IgD (022 14D, BD PharMingen) and/or FE-conjugated anti- 
mouse IgK L-chain (559940, BD PharMingen). Spleen cells were stained with 
APC-conjugatcd anti-mouse CD45R, Biotin-conjugated anti-mouse IgM Qi-chain 
specific, 02082D, BD PharMingen), PE-conjugaied anti-mouse IgK and FTTC- 

20 conjugated anti-mouse CD21/CD35 (CR2/CR1, 553818, BD PharMingen). 

Reactions with Biotin conjugated antibodies were subsequently incubated with Tri- 
color conjugated streptavidin (S A 10006, Caltag). Cells were analyzed on a 
FACSVantage and CELLQuest was used for data analysis. 

25 For cell surface staining, labeled antibodies against the pan B-cell marker B220 
(CD45R) were used in combination with antibodies that allowed the identification 
of the various successive differentiation stages in B-cell development In bone 
marrow (Fig- 16A) this showed that populations at the progenitor and precursor 
stage, c-kif B220+ pro and pre B-cells and CD43 + B220 + pre B-cells, are 

30 maintained but that more mature B220 + lymphocytes are lacking. Hie absence of a 

large proportion of B220 + B-cells is similarly pronounced in CA and /iMT mice 
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with disrupted membrane axons [16] and is established at the pre B-II stage with die 
lack of CD25 + B-cells which normally express a pre BCR with fi H-chain and 
surrogate L-chain. The removal of the C-gene cluster led to a complete 
disappearance of immature and mature B-cells expressing Ig H- and L-chain and 
5 staining for surface IgM, IgD, IgK L-chain and CD21/35 positive mature B-cells 
(Rg. 16B) reveals their total absence. 

Example 12s Transcriptional inactivity despite DNA rearrangement 

10 Preserving normal pro B-cel] levels in CA mice suggests that early differentiation 
events may be. maintained To test the engagement of the IgH locus in DNA 



rearrangement, DNA from bone marrow cells was prepared and D-J and V-D-J 
rearrangement was analysed by PCR, For the region between DQ52 and Jh a -1200 
bp fragment indicated the germline configuration whilst lower size amplification 
15 bands were the product of successful D-Jh and Vh-D-Jh recombination. In CA mice 
extensive DNA rearrangement was identified for the developmental^ earlier D-J 
joins as well as for V-D-J recombination (Fig. 17 A). PCR fragments of -500 bp for 
D-J and >300 bp for V-D-J rearrangement were predicted, with larger bands 
representing amplifications from remaining distal Jh$ still present after 
20 recombination. The CA mice produced bands of the expected size range which were ^ 
similar in pattern and intensity to those found in normal mice and /iMT mice 
analysed" in parallel. For transcriptional analyses RNA was prepared from bone- - HI 
marrow cells and single-step RT-PCR using KNA from ~10 6 cells per reaction ^ 
revealed that little or no rearranged H-chain transcripts were produced in CA mice 
25 (Fig. 1TB). A remaining low level of transcription could be indicated by the faint 
bands in some of the reactions, alternatively, this may represent the background due 



CD 
I— 

m 

to the low stringency of the reaction or the oligonucleotides used for amplification. q 
However, using RNA from normal mice as well as /*MT mice produced discernible ^ 
RT-PCR bands of the expected size range which established a marked difference 
30 after H-chain DNA rearrangement between £iMT mice exhibiting fully functional 
H-chain transcription and C A mice with transcriptionally silent H-chain. We 
repeated the PCR and RT-PCR analysis with -10 s and ~5 x 10 s CD43 + B22CT bone 
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marrow cells, respectively, sorted by flow cytometry. Distinct bands but less 
diverse patterns were obtained for normal and /iMT mice, but again CA mice did 
not yield any RT-PCR products (data not shown). PCR amplification of lamin Bl, 
a ubiquitously expressed gene used as a control, produced a genomic fragment of 
5 -433 bp and a cDNA product of -215 bp, identified in all mice. 

The finding that CA mice are transcriptionally inactive agrees with their lack of 
serum antibodies. 

10 ELISA 

Serum antibodies were captured by ELISA [33] on Falcon plates (353911, Becton 
Dickinson) coated with 50 fi\ of 10 fig/ml anti-IgM (ft^hain specific) (Sigma M- 
8644), anti-IgG (y-chain specific) (Binding Site AU272), anti-IgA (Orchain 
15 specific) (Sigma M-8769) or anti-mouse k I^chain (Sigma K-2 132). Bound 
antibody was identified using biotinylated anti-Ig (1/500 dilution, Amersham RPN 
1001) or anti-K (i/200 dilution, Zymed 04-6640) followed by a 1/200 dilution of 
streptavidin-conjugated horseradish peroxidase (Amersham 1052). A492 
measured in a Titertek Multiskan MCC/340. 

20 

In ELISA no presence of any Ig or individual fractions of IgM, IgG or IgA wpre 
found in the serum of CA mice (Fig. 18) whilst Ig expression in jtiMT mice 
appeared to be similar to previously reported expression levels [12-14]. The defect 
in Ig production, re-emphasised by the lack of Ig* shows that no antibody H-chMn 
25 fragments or L-chains on their own are being expressed in CA mice. 

Targeted insertion of loxP sites, 5' and 3' of the Cn-gene cluster, allowed Cre- 
mediated removal of a -200 kb region which produced an Ig deficient mouse line. 
While m vitro deletion was accomplished with the expected efficiency by transient 
30 Cte expression, in vivo C-gene removal by breeding with ubiquitous Cre expressed 

proved difficult. As a result, and despite normal transmission of. the Cre-transgene, 
few animals carried the C-gene deletion (see Table 1). Such a lack of efficiency was 
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not observed when -400 kb of the IgX L-chain locus were removed by breeding 
with the Cre mouse line [15,17 and ENSEMBL Mouse Release 17,30.1 (NCBI 30 
assembly)] and it is unclear why different levels of efficiency operate on the two 
targeted Ig loci. In the first generation of mice carrying the C-gene deletion (litters 
5 from Cre + mice mated with fL lt * 3'E to mice), analysed by PGR of tail DNA, the 
deletion band was always accompanied by the presence of bands for the targeting 
events. A problem with the efficiency of Cre-mediated recombination has been 
linked to its promoter and it has been shown that the major immediate early 
promoter from human cytomegalovirus (CMV), used in our Cre mice, is less 

10 efficient that the equivalent murine CMV promoter [IS]. Both ubiquitous and 
conditional expression of the Cre-gene, showed a variation in efficiency [19,20] and 

this may explain why C^e-medi^d-ael^onrof^C-gette locus was only achieved 

successfully in a varied proportion of cells and tissues producing a mosaic pattern. 
Nevertheless, C-gene deletion can be accomplished early on to secure modified " 

15 germ cell development which allowed homozygous mice without remaining G* 
genes to be established by breeding. 

The experiments show that removal of all C-geues silences the IgH locus at the i 
transcriptional level, but not at die DNA rearrangement stage. This implies that - 

20 locus activation is fully maintained and indeed the levels of early B-cells at the pro ^ 
to pre B-cell differentiation stage, c^kif B220 + and CD43* B220 + , are comparable jjj^ 

- to those in nonnatmice- - Nonetheless* -with the lack of CD25t B220 + cell* (see Fig. - DO 

16), a complete block in development is accomplished at the pre B-II stage when |T1 
rearranged Ig H-chains should be transcribed and expressed. Staining B-cell O 

25 populations from bone marrow and spleen with antibodies specific for *D 
differentiation markers revealed a very similar developmental pattern for /xMT and 
CA mice which is also confirmed at the DNA level where both strains show 
extensive rearrangement (ref. 14 and Fig. 17). However, regarding Ig expression 
there are fundamental differences between the CA and pMT strains which are not 

30 apparent using flow cytometry analysis of B-cell development where small 
populations of mature B-cells can escape detection. That these mature B cells are 
present in the bone marrow of fiMT mice, but not in CA mice, became clear in RT- 
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PGR reactions. Here CA mice appear not to produce IgH transcripts, which are 
abundantly present in bone marrow cells from /iMT mice. To rule out any artefacts, 
cDNA for the identification of Ig transcripts was produced with internal J M primers. 
This prevented selective amplification of polyadenylated RNA, an unlikely H-chain 

5 product in CA mice lacking the 3' untranslated region essential for inRNA 
processing and expression. Ig expression could be identified in the serum of /xMT 
mice, but not in CA mice, which showed a complete lack of Ig in ELXSA. This 
established that with the removal of all C-genes the IgH locus becomes fully 
inoperative at the transcriptional level after DNA rearrangement is completed. 

10 Unexpectedly we identified a significant amount of IgO in the serum of the (iMT 
animals at levels that have not been seen in /xMT mice of C57BIV6 background 
[14]. A reason could be that the fiMT mice maintained as a breeding colony^br a 
long time have lost the true C57BL/6 background, and thus permit IgG expression 
[12,13]. However, the intermediate IgA levels of the j^MT mice are quite similar to 

15 the levels reported for /iMT in the C57BL/6 background and analysis of individual 
mice showed that wildtype levels as in /xMT of BALB/c background [12,13] could 
not be reached (data not shown). 

In respect of other H-chain silencing approaches the removal of clusters of gene 
20 segments, such as all Vs, Ds, Js or C-genes, appears to guarantee locus 
insufficiency. This has been shown in Jh deletion mice where a block in B-cdl 
development has also been reported at the CD43 + precursor stage [9,21], and a lack 
of ft transcripts from the allele carrying the deletion was found [10]. A 
dysfunctional H-chain locus silences L-chain expression and although the IgK locus 
25 can rearrange at the same time or even earlier than the IgH locus, a productively 
rearranged I^chain is only expressed upon H-chain production ([22] and [9] and 
refs therein). In J H deletion mice C k rearrangement in B220+CD43* sorted cell 
populations was quite similar to wild type levels, whilst only a low level of 
germline transcripts could be detected in Northern blot analysis [9]. On the 
30 contrary the removal of C/i, the first C-gene expressed and regarded essential to 
drive B-cell development, did not produce H-chain silent mice [1]. A likely reason 
for this is that the function of one C-gene can be replaced by another. In Qi 
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deletion mice this was accomplished by C5 and in Cy2a replacement, a perhaps less 
important C-gene further downstream, other Cys assumed responsibility [4]. 
Similarly, the removal of C8 was well tolerated and perhaps compensated by 
increased Igfi expression [2], The assumption that B-cell maturation after DNA 
5 rearrangement may be critically dependent on the expression of Xg/i came from 
transgenic mouse models, where in the initial approaches C/x was the only C-gene 
on an introduced IgH locus in germline configuration ([23] and refs therein). 
However, this does not imply that other C-genes, e.g. Cy, could not initiate similar 
developmental processes, which may be unravelled when mice with C/i and CS 
10 deletion are being produced. Suggestions that perhaps a more primitive or ancient 
evolutionary immune system can be operative comes from the observation that IgA 
is expressed in silenced jiMT mice [14] and that H-chain only antibodies in 
Camelidae do appear to bypass the Igft precursor cell stage [24,25]. This can be 
tested in the CA mice by Cre-toxP mediated targeted gene insertion. 

15 
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Sequence Listing Information 



<110> Babraham Institute 
5 <120> Genetically-modified non-human mammals and cells 
<130> WPP286912 
<150> GB 0304374.2 
<151> 2003-02-26 

10 <160> 21 

<170> Patentln version 3.1 

<210> 1 
15 <211> 64 
<212> DNA 
<213> Artificial 
<400> 1 

tttggatcca taacttcgta taatgtatgc tatacgaagt tatcgacctc gaaattctac 60 
20 cggg 64 



<210> 2 
<211> 28 
25 <212> DNA 

<213> Artificial 
<400> 2 

tttgatcagc tgatctcgtt cttcaggc 28 

30 

<210> 3 
<211> 18 
<212> DNA 
<213> Artificial 
35 <400> 3 

aacctgacai gttcctcc 1° 



<210> 4 
40 <2U> 18 
<212> DNA 
<213> Artificial 
<400> 4 

gggattagct gagtgtgg 
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<210> 5 
<211> 27 
<212> DNA 
<213> Artificial 
5 <400> 5 

agagecccct gtetgataag aatctgg 27 



<210>-6 
10 <211> 23 
<212> PNA 
<213> Artificial 
<400> 6 

tggatgtgga atgtgtgcga ggc 23 



<210> 7 ■ 

<211> 23 

<212> DNA 
20 <213> Artificial 

<400> 7 

tgctttacgg tatcgccgct ccc 



25 <210> 8 
<211> 22 
<212> DNA 
<213> Artificial 
<400> 8 

30 gagtccccat ceccaaggct gg 22 



<210> 9 

<211> 23 m 
35 <212>DNA fTT 

<213> Artificial CO 
<400> 9 ~* 

ggacatgttc agggatcgcc agg 23 ^ 

<210> 10 > 

<211> 23 © 

<212> DNA *Z 
<213> Artificial 

45 <400> 10 g 

gatagctggctggtggcagatgg tj 
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<210> 11 
<211> 28 
<212> DNA 
<213> Artificial 
5 <400> 11 

gtagctattt ctttccaccc agttcttc 



<210> 12 
10 <211> 28 
<212> DNA 
<213> Artificial 
<400> 12 

gtagctaitt ctttccaccc agttcttc 

15 

<210> 13 
<211> 28 
<212> DNA 
20 <213> Artificial 
<400> 13 

gaaaagactt cctctttccc aagtgctc 



25 <210> 14 

<211> 20 

<212> DNA 

<213> Artificial 

<400> 14 
30 gcatgtctca aagcacaatg 



<210> 15 
<211> 20 
35 <212> DNA 
<213> Artificial 
<400> 15 

accctggaca caggaaacac 

40 

<210> 16 
<211> 20 
<212> DNA 
<213> Artificial 
45 <400> 16 

atgggatgga gctggatctt 
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20 

20 
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<210> 17 
<211> 20 
<212> DNA 
<213> Artificial 
<4O0> 17 

atggaatgga gctgggtctt 20 



<210> 18 
10 <211> 26 
<212> DNA 
<213> Artificial 
<400> IS 

gagacdgtga shrdrgtbcc tksrcc 26 



15 



<210> 19 



<211> 24 
<212> DNA 
20 <213> Artificial 
<400> 19 

gtalgaggcg gcactaaact ctaa 24 



25 <210> 20 
<211> 24 
<212> DNA 
<213> Artificial 
<400> 20 

30 gaagccactg aagaacacaa atag 24 



<210> 21 
<211> 24 
35 <212> DNA 
<213> Artificial 
<400> 21 

tacgaaactc caagtcctca gtaa 24 
40 Cg 

m 

CD 
r— 
m 

8 
3 
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1. A genetically modified non-human mammal or cell characterised in that 
5 it does not comprise a nucleic acid sequence which itself encodes any endogenous 

immunoglobulin heavy chain constant region locus polypeptide. 

2. A genetically modified non-human mammal or cell according to claim 1 
characterised in that it does not comprise a nucleic acid sequence which itself 

10 encodes any immunoglobulin heavy chain constant region (IgH C) polypeptide. 

3. A genetically modified non-human mammal or cell according to claim 1 
or claim 2 characterised in that all immunoglobulin heavy chain constant region 
gene sequences are absent or partially absent from the genome. 

15 

4. A genetically modified non-human mammal or cell according to any of 
the preceding claims, characterised in that it is obtainable or obtained by targeted 
deletion of essentially all endogenous IgH C gene sequences. 

20 5. A genetically modified non-human mammal or cell according to any of 

die preceding claims characterised in that it is obtainable or obtained by Cre loxP 
recombination* 

6. A genetically modified non-human mammal or cell according to any of 
25 the preceding claims characterised in that at leaBt part of at least one IgH C gene 

enhancer sequence is present 

7. A genetically modified non-human mammal or cell according to any of 
the preceding claims characterised in that a non-endogenous site-specific 

30 recombination sequence is present within the genome. 
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8. A genetically modified non-human mammal or cell characterised by 
having a non-endogenous site-specific recombination sequence downstream of, or 
within the last gene of the IgH C locus. 

9. A genetically modified non-human mammal or cell according to claim 8 
characterised by having a further non-endogenous site specific recombination 
sequence upstream of, or within the first gene of the IgH C locus. 

10. A genetically modified non-human mammal or cell according to any of 
the preceding claims characterised in that one or more endogenous Ig H variable 
region, D and/or J segment nucleic acid sequences are present 



20 



25 



30 



11. A genetically modified non-human mammal or cell according to any of 
the preceding claims characterised in that one or more selectable marker(s) is 

15 present within the genome. 

12. A genetically modified non-human mammal or cell according to claim 8 
characterised in that at least one selectable marker is present upstream of, or 
downstream of, the non-endogenous site specific recombination sequence. 



13. A genetically modified non-human mammal or cell according to claim 9 

" chaSctenisied ijofth^ at leasrone selectable marker is integrated within the genome - - — 
upstream of, and/or downstream of, at least one non-endogenous site specific 
recombination sequence. 

03 

m 

14. A genetically modified non-human mammal or cell according to any of ^ 
claims 11 to 13 characterised in that the selectable markers) is one or more ^» 
selectable marker selected from a group comprising a neomycin resistance gene, a 3> 
puromycin resistance gene, and a hygromycin resistance gene. 



3 



HARKS £ CLERKS Fax: 01 223364331 22 Aug 2005 16:11 P. 67 



WO 2004/076618 

PCT/GB2O04/OOO768 



15. A genetically modified non-human mammal or cell accorxiijig to any of 

claims 7 to 14 characterised in that the non-endogenous site-specific recombination 
sequence is a loxP site. 

5 16. A genetically modified non-human mammal according to any of the 

preceding claims characterised in that it is a mouse. 

17. A genetically modified non-human cell according to any of claims 1 to 
15 characterised in that it is a mouse cell. 

10 

18. A genetically modified mouse according to claim 16, or a genetically 
modified mouse cell according to claim 17, characterised in that all eight 
endogenous IgH C genes p, 5, y3, yl 9 j2% y2b> s and a are absent or partially 
absent 

19. A genetically modified non-human cell according to any of claims 1 to 
15 or claim 17 or 18 characterised in that it is an embryonic stem cell. 

20. A genetically modified non-human mammal derived from a genetically 
20 modified non-human mammal of any of claims 1 to 16 or claim 18. 

21. A genetically modified non-human mammal derived from a genetically 
modified non-human cell of any of claims 1 to 15 or any of claims 17 to 19. 

25 22. A genetically modified non-human cell derived from a genetically 

modified non-human mammal of any of claims 1 to 16 or claim 18. 

23. A method for producing a genetically modified non-human cell 

comprising: 

30 (a) (i) transfecting a non-human cell with a targeting construct for integration 

upstream of, or within the first IgH C gene of the IgH C locus, said 
targeting construct comprising a non-endogenous site specific 
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recombination sequence and a selectable marker, selecting for a cell in 
which the selectable marker is present and screening said cell for 
integration of the recombination sequence, and, 
(ii) transfecting a cell produced in (a)(i) with a targeting construct for 
5 integration downstream of, or within the last IgH C gene of the IgH C 

locus, said targeting construct comprising a selectable marker and a non- 
endogenous site-specific recombination sequence, selecting for a cell in 
which the selectable marker is present and screening said cell for 
integration of the recombination sequence; or 
10 (b) (i) transfecting a non-human cell with a targeting construct for integration 

downstream of, or within the last IgH C gene of the IgH C locus, said 



targeting construct comprising a non-endogenous site-specific — 
recombination sequence and a selectable marker selecting for a cell in 
which the selectable marker is present, and screening said cell for, 

15 integration of the recombination sequence, and 

(ii) transfecting a cell produced in (b)(i) with a targeting construct for 
integration upstream of, or within the first IgH C gene of the IgH C 
locus, said targeting construct comprising a non-endogenous site- 
specific recombination sequence and a selectable marker, selecting for a 

20 cell in which the selectable marker is present, and screening said cell for 

integration of the recombination sequence; or 
(c)~ "co-ti^ "celt" with" a targeting construct - for 

integration upstream of, or within the first IgH C gene of the IgH C locus 
and with a targeting construct for integration downstream of, or within 

25 the last IgH C gene of the IgH C locus, each of said targeting constructs 00 

comprising a non-endogenous site specific recombination sequence and CO 



3> 



each having a selectable marker, selecting for a cell in which the 

selectable markers) is/are present, and screening said cell for integration ^ 

of the recombination sequence; and optionally, £ 

30 (d) providing to a cell obtained in (a)(ii), (b)(ii) or (c) a recombinase active CD 

at the non-endogenous site-specific recombination sequence and, FTI 

optionally, screening for deletion events. ^ 
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24. A method according to claim 23 characterised in that the non- 

endogenous site-specific recombination sequence is a lox? site. 

5 25. A method according to claim 24 characterised in that, in optional step 

(d), the iecombinase is a Cre recombinase. 

26. A method according to any of claims 23 to claim 25 characterised in that 
the recombinase is provided by an expression vector. 

10 

27. A method according to any of claims 23 to 26 characterised in that the 
genetically modified non-human cell is a mouse cell. 

28. A method according to any of claims 23 to 27 characterised in that the 
15 genetically modified non-human cell is an embryonic stem Cell. 

29. The use of an embryonic stem cell of claim 19 or a cell obtainable by a 
method of any of claims 23 to 28 for the production of a genetically modified non- 
human mammal. 

20 

30. A method for producing a genetically modified non-human mammal 
characterised in that an embryonic stem cell of claim 19 or obtainable by a method 
of claim 28 is introduced into a host blastocyst and developed into a chimaeric 
animal. 

25 

31. A method according to claim 30 characterised by: 

(a) introducing a non-human mammal embryonic stem cell according to 
claim 19 or obtainable by a method of claim 28 into a compatible non- 
human mammal blastocyst, and 
30 (b) transplanting the blastocyst obtained in (a) into a compatible non-human 

mammal foster mother to obtain a chimaeric non-human mammal, and 
optionally, screening for the selectable markers), and/or the non- 
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endogenous site specific recombination sequenced), and/or for deletion 
of essentially all endogenous IgH C gene sequences. 

32, A method for producing a genetically modified non-human mammal 
characterised in that the chimaeric non-human mammal according to claim 30 or 
claim 31 is bred to obtain heterozygous progeny. 

33. A method for producing a genetically modified non-human mammal 
characterised in that the heterozygous progeny of claim 32 is inter-bxed to obtain 
homozygous progeny. 



34. A method for producing a genetically modified non-human mammal" 

characterised by cross-breeding a genetically modified non-human mammal 
homozygous for integration of a non-endogenous site-specific recombination 
sequence upstream of, or within the first IgH C gene of the IgH C locus with a 
compatible genetically modified non-human mammal homozygous for integration 
of a non-endogenous site-specific recombination sequence downstream, or within 
the last IgH C gene of the IgH C locus, to obtain heterozygous progeny and 
optionally interbreeding the heterozygous progeny to obtain progeny homozygous 
for both integrations. 



"357 ~~A~mefficft~a^^ to~claiur34 x&aracterised by further comprising 
cross-breeding progeny homozygous for both integrations with a compatible non- 
human mammal capable of expressing a recombinase active at the non-endogenous 
site specific recombination sequence to obtain progeny; and optionally screening 
the progeny obtained for IgH C gene deletion. 

36. A method according to claim 34 or claim 35 characterised in that the 

non-endogenous site specific recombination sequence^) are loxP sites. 



37. A method according to claim 36 characterised in that the xecombinase is 

a Cre recombinase. 
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38. A method according to claim 36 characterised by further comprising 
cross-breeding progeny heterozygous or homozygous for loxP at both loci with a 
compatible non-human mammal capable of expressing Ore reeombinase to obtain a 

5 progeny non-human mammal that does not comprise a nucleic acid sequence which 
itself encodes any endogenous Ig heavy chain constant region polypeptide on one or 
both alleles. 

39. A genetically modified non-human mammal characterised in that it is 
10 obtainable or obtained by a method of claim 35 to claim 33 and does not comprise a 

nucleic acid sequence which itself encodes any endogenous Ig heavy chain constant 
region polypeptide. 

40. A method for producing a genetically modified non-human mammal 
15 capable of expressing one or more exogenous genes, characterised by breeding a 

genetically modified non-human mammal according to claims 1 to 7 or claims 10 to 
16 or claims IS to 21 that does not comprise a nucleic acid sequence which itself 
encodes any endogenous immunoglobulin heavy chain constant region polypeptide, 
with a compatible non-human mammal that encodes and is capable of expressing 
20 one or more exogenous gene(s), to obtain progeny heterozygous for the one or more 
exogenous gene(8), and optionally inter-breeding the heterozygous progeny to 
produce progeny homozygous for the one or more exogenous gene(s). 

41. A method for producing a genetically modified non-human m a m mal or 
25 cell capable of expressing one or mote exogenous gene(s) characterised by 

comprising introduction of one or more exogenous gene(s) into a non-human 
mammalian cell according to claims 1 to 7 or claims 10 to 15 or claims 17 to 21 that 
does not comprise a nucleic acid sequence which itself encodes any endogenous 
immunoglobulin heavy chain constant region polypeptide* 

30 

42. A method according to claim 41 characterised in that the non-human 
mammalian cell is an embryonic stem cell. 
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43. A method according to claim 42, characterised in that the one or more 

exogenous gene(s) are introduced by transf action. 

5 44. A method according to claim 41 characterised in that the non-human 

mammal cell is an oocyte (egg cell). 

45. A method according to claim 44, characterised in that the one or more 
exogenous gene(s) are introduced by DNA micro-injection. 

10 

46. A method according to any of claims 41 to 45 characterised in that the 
one or more exogenous gene(s) are inserted into the genome of the non-human 
mammal or cell. 

15 47. A method according to claim 46 characterised in that the one or more 

exogenous gene(s) are inserted into a non-endogenous site specific recombination 
sequence. 

48. A method for producing a genetically modified non-human mammal 
20 capable of expressing one or more exogenous gene(s) characterised by cross- 
breeding a non-human mammal that does not comprise a nucleic acid sequence 
which itself encodes any efidogfcnaas immunoglobulin heavy chain constant region 
polypeptide with a transgenic mammal having one or more exogenous gene(s) 
associated with or flanked by a non-endogenotts site specific recombination 

25 sequence and having a recombinase active at the non-endogenous site specific 
recombination sequence to obtain progeny and optionally screening the progeny for 
insertion of the one or more exogenous gene(s). 

49. A method according to any of claims 46 to 48 characterised in that the 
30 non-endogenous site specific recombination sequence is a loxP sequence and 

insertion is by Crc -loxP integration. 
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50. A method according to any of claims 40 to 49 characterised in that the 
genetically modified non-human mamma] i 8 a mouse. 7 

51. A method according to any of claims 40 to 50 characterised in that the 
5 exogenous gene or genes is an Ig H gene or Ig H genes. 

52. A method according to claim 51 characterised in that the Ig H gene or 
genes is an IgH C gene or IgH C genes. 

10 53. A method according to any of claims 40 to 52 characterised in that the 

exogenous genes or genes are a human gene or human genes. 

54. A method according to any one of claims 40 to 53 characterised in that 
the exogenous genes are a human Ig heavy chain locus having V, D, J and/or C 

15 regions, 

55. A method according to claim 54 wherein the human Ig heavy chain 
locus V, D, J and/or C regions are in germline configuration. 

20 56. A method according to" claim 54 wherein the human Ig heavy chain 

locus V, D, J and/or C regions are productively arranged. 

57. A non-human mammal or cell obtainable by a method of any of claims 
40 to 56. 

25 

58. The use of a non-human mammal or cell according to claim 57 in the 
production of an exogenous immunoglobulin. 

59. The use of a non-human mammal or cell according to claim 57 in the 
30 production of a human immunoglobulin. 
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60. A method for production of exogenous immunoglobulin comprising use 
of a non-human mammal or cell according to claim 57. 

61. A method for production of human immunoglobulin comprising use of 
5 a non-human mammal or cell according to claim 57. 

62 A method or use according to any one of claims 58 to 61 wherein the 

non-human mammal is a rodent 

10 63. A method or use according to any one of claims 58 to 61 wherein the 

non-human mammal is a mouse. 



15 



30 



64. A method or use according to any one of claims 58 to 61 wherein the 
non-human cell is a rodent celL 

65. A method or use according to any one of claims 58 to 61 wherein the 
non-human cell is a mouse cell. 



66. An immunoglobulin obtainable or obtained by a method according to 

20 any one of claims 60 to 65. 

... ~ ^ - . _ ^Iwiftaff immunoglobulin obtainable or obtained by a method according 
to any one of claims 60 to 65. 

25 68. An immunoglobulin according to claim 66 or claim 67 for use as a 

medicament 

69, The use of an immunoglobulin according to claim 66 or claim 67 in the 
manufacture of a medicament 



70 A medicament composition comprising an immunoglobulin according 

to claim 66 or claim 67 and a pharmaceutical] y acceptable excipient 
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SEQUENCE LISTING 

<110> Babraham Institute 

<120> Genet 1 call yniiodified non-human mammals and cells 

<130> WPP286912 

<ISO> GB 0304374.2 

<151> 2003-02-26 

<16Q> 21 



*170> Patentin version 3.1 

<210> 1 

<211> 64 

<212> DNA 

<213> Artificial 



<400> 1 

tttggatcca taacttcgta taatgtatgc tatacgaagt tatcgacctc gaaattctac 60 



cggg 

<210> 2 

<211> 28 

<212>- DNA 

<213> Artificial 

<400> 2 

tttgatcagc tgatctcgtt cttcaggc 

<210> 3 

<211> 18 

<212> DNA 

<213> Artificial 



64 



28 



03 

m 

1 



03 

o 
o 
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<400> 3 

aacctgacat gttcctcc 

<210> 4 

<211> 18 

<212> DMA 

<2l3> Artificial 

<400> 4 

gggattagct gagtgtgg 

<210> 5 

<21l> 27 

<212> DMA 

<213> Artificial 

<400> 5 

agagccccct gtctgataag aatctgg 

<210> 6 
<211> 23 

<212> DNA 

<213> Artificial 
<400> 6 

tggatgtgga atgtgtgcga ggc 

<210> 7 

<2U> 23 

<212> DNA 

<213> Artificial 

<400> 7 

tgctttacgg tatcgccgct ccc 

<210> 8 
<211> 22 
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<212> DNA 

<213> Artificial 

<400> 8 

gagtccccat ccccaaggct gg 22 

<210> 9 

<211> 23 

<212> DNA 

<2lS> Artificial 



<400> 9 

ggacatgttc agggatcgcc agg 23 



-*210> — 10 " ~" " 

<211> 23 
<212> DNA 
<213> Artificial 

<400> 10 

gatagctggc tggtggcaga tgg 23 

<210> 11 
<211> 28 
<212> DNA 
<213> Artificial 

La 

<400> 11 — j 
gtagctattt ctttccaccc agttcttc 28 

<210> 12 $ 

<211> 28 5 

m 

<212> DNA f= 
<213s> Artificial m 

o 
o 

<400> 12 3 
gtagctattt ctttccaccc agttcttc 28 

<210> 13 
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<213> 28 

<212> DNA 

<213> Artificial 

<400> 13 

gaaaagactt cctctttccc aagtgctc 

<210> 14 

<211> 20 

<212> DNA 

<213> Artificial 

<400> 14 

gcatgtctca aagcaeaatg 

<210> 15 

<211> 20 

<212> DNA 

<213> Artificial 

<400> 15 

accctggaca caggaaacac 

<210> 16 

<211> 20 

<212> DNA 

<213> Artificial 



28 



20 



20 



<400> 16 

argggatgga gctggatctt 

<210> 17 

<211> 20 

<212> DNA 

<213> Artificial 



20 



<400> 17 

atggaatgga gctgggtctt 
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<210> 18 

<211> 26 

<212> DNA 

<213> Artificial 

<400> 18 

gagacdgtga shrdrgtbcc tksrcc 26 

<210> 19 

<2ll> 24 

<212> DNA 

<2l3> Artificial 

<400> 19 

gtatgaggcg gcactaaact ctaa 24 

<210> 20 

<211> 24 

<212> DNA 

<213> Artificial 

<400> 20 

gaagccactg aagaacacaa atag 24 

<210> 21 22 

m 

<211> 24 C/> 
<212> DNA ^ 
<213> Artificial ^ 

<400> 21 

tacgaaactc caagtcctca gtaa 24 r~ 

m 

o 
O 

'3 
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